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MICROBIAL OILS WITH LOWERED POUR
POINTS, DIELECTRIC FLUIDS PRODUCED
THEREFROM, AND RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of prior U.S. provi-
sional application No. 61/546,932, filed Oct. 13, 2011; prior
U.S. provisional application No. 61/522,231, filed Aug. 10,
2011; prior U.S. provisional application No. 61/438,966,
filed Feb. 2, 2011; prior U.S. provisional application No.
61/409,902, filed Nov. 3, 2010, which are all hereby incorpo-
rated by reference in their entireties.

REFERENCE TO A SEQUENCE LISTING

This application includes a sequence listing as shown in
pages 1-44, appended hereto.

FIELD OF THE INVENTION

The present invention relates to the production of oils from
microorganisms and methods for processing those oils to
improve their pour points, as well as products derived from
them, including food oil and foods comprising such oil and
industrial products such as lubricants and dielectric fluids.
Embodiments of the invention therefore relate to the fields of
chemistry, particularly oleochemistry, food oils and their pro-
duction and use, lubricants and their production, dielectric
fluids, feedstocks and their production, microbiology, and
molecular biology.

BACKGROUND

Fossil fuel is a general term for buried combustible geo-
logic deposits of organic materials, formed from decayed
plants and animals that have been converted to crude oil, coal,
natural gas, or heavy oils by exposure to heat and pressure in
the earth’s crust over hundreds of millions of years. Fossil
fuels are a finite, non-renewable resource.

Many industries, including plastics and chemical manufac-
turers, rely heavily on the availability of hydrocarbons as a
feedstock for their manufacturing processes.

PCT Pub. Nos. 2008/151149 describe methods and mate-
rials for cultivating microalgae for the production of oil,
extraction of microbial oil, and production of food, food oil,
fuels, and other oleochemicals from oil produced by oleagi-
nous microbes.

One important oleochemical application is the production
of industrial dielectric fluids, which are used for electrical
insulation and cooling or heat dissipation in transformers and
other electrical devices. These electrical devices include
power and distribution transformers, circuit breakers, capaci-
tors, switchgear, X-ray machines and insulating cables.

Bio-based oil, particularly high-oleic acid soybean oil, has
been used as a dielectric fluid in sealed transformers since the
1990s (see Srivastava (2009) Int 'l J Computer Electrical Eng,
v. 1(2) pp. 212-216). Current bio-based dielectric fluids are
purified, high-oleic triacylglycerols (TAGs) with incorpo-
rated additives (see U.S. Pat. No. 6,274,067 and US Patent
App. Nos 20100243969 and 20080283803). For example, the
primary benefits ofhigh-oleic acid soybean oil dielectric fluid
versus mineral oil-based dielectric fluid are (i) an increased
fire point (2x), (ii) an increased transformer life (4-8x), and
(iii) a lower cost of remediating spills due to bio-based oil’s
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high biodegradability (>3x) and lower toxicity (see
Schneider (2006) J Sci Food Agric, v. 86 pp: 1769-1780).

The primary disadvantages of bio-based oils over mineral-
based oils are the oxidative instability of bio-based oils, the
increased cost of procuring bio-based oils and transitioning
equipment from mineral-based oils to bio-based oils see
Schneider (2006), supra). Although bio-based dielectric flu-
ids occupy a significant portion of the dielectric fluid market,
mineral-oil based dielectric fluids currently dominate the
market. Another significant disadvantage is the cost of pro-
duction of these soy-based oils and their diversion of an
important food source into non-food applications.

SUMMARY

In certain embodiments, the present invention provides
microbial oils with improved pour point, methods for making
such oils, and products derived from them. Pour point is a
function of relative concentrations of saturated to unsaturated
fatty acids of the triglyceride oil and the chain length of the
fatty acids. In embodiments of the methods of the invention,
the initial pour point of microbial oil is reduced by reducing
the relative proportion of the saturated fraction, including
palmitic and stearic triglycerides known as the stearin frac-
tion. In accordance with these methods, the oil is fractionated
to reduce the saturated triglycerides concentration of the oil.
This can be accomplished in accordance with embodiments
of the invention by dry fractionation, an illustrative process
for carrying out “winterization”. In one embodiment of this
method, microbial (e.g., algal) oil is optionally first refined,
bleached, deodorized or degummed to produce “RBD oil,”
which is characterized by an initial pour point. The tempera-
ture of the RBD oil is then lowered in a controlled manner
until crystal nuclei are formed and then held at that first
crystallization temperature (i.e., for several hours) to produce
crystals. The crystals are then removed by filtration to pro-
duce two fractions: a solid phase containing some or most of
the stearin fraction, and a liquid phase containing mostly the
olein fraction. This liquid phase is characterized by a second
pour point that is lower than the initial pour point, e.g, the
second pour point can be between about —10° C. and about
-40° C., and the fatty acid composition of the can be at least
50% C18:1 and less than 10% C18:2. The liquid phase can be
subjected to fractionation again to a second, lower crystalli-
zation temperature to effect a further removal of stearin. In
illustrative embodiments, the first crystallization temperature
is between above 15° C. to about 50° C., and the second
crystallization temperature is between about -15° C. and
about 15° C.

In any event, the resulting purified liquid fraction, is
equivalent to or substantially similarly to a super olein oil as
commonly known in the vegetable oil industry, has better
thermal properties than the native algal oil. In some embodi-
ments, the properties are further improved by the addition of
a chemical pour point depressant that reduces the pour point
even further, as may be desired for specific applications. The
microbial oil provided by this method can be used not only in
food applications, but also in industrial applications, such as
the production of lubricants, hydraulic fluids, industrial oils
and dielectric fluids. For industrial applications (e.g., dielec-
tric fluids), one or more additives that can be added to the
microbial oil (in addition to, or instead of, a pour point depres-
sant) include: an antioxidant, metal ion deactivator, corrosion
inhibitor, demulsifier, anti-wear additive or anti-hydrolysis
compound.

In various embodiments, the microbial oil is derived from
oleaginous microbes, such as microalgal cells, having distinct
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lipid profiles (i.e., distinct fatty acid profiles), including
recombinant cells expressing exogenous genes encoding pro-
teins such as one or more fatty acyl-ACP thioesterases. In
illustrative embodiments, the microbial oil is derived from a
genetically engineered microbe engineered to express one or
more exogenous genes, and the method additionally includes
cultivating the microbe until the microbe has at least 10% oil
by dry weight, and separating the oil from the microbe to
produce a microbial oil that can then be refined, bleached,
deodorized and optionally degummed, as described above.
Other oleaginous microbes, including yeast, fungi, and bac-
teria, with similar or distinct lipid profiles can also be
employed. In certain embodiments, the present invention thus
provides methods of making lipids and oil-based products,
including dielectric fluids, from such microalgal and/or ole-
aginous microbes, including yeast, fungi and bacteria.

In certain embodiments, the invention provides a product
including a microbial oil, wherein the microbial oil has a pour
point of between about 10° C. and about -40° C., and wherein
the fatty acid composition of the microbial oil is at least about
50% C18:1 and less than about 10% C18:2. In variations of
such embodiments, the product has a pour point of between
-10° C. and about —-40° C. The microbial oil in the product
can include, for example, include at least about 60%, at least
about 70%, or at least about 80% C18:1. In some cases, the
microbial oil can include less than about 5% C18:2 (e.g., is at
least about 80% C18:1 and less than about 5% C18:2). In
particular embodiments, the microbial oild in the product has
an iodine value between about 25 and about 200. The micro-
bial oil can, in certain embodiments, be produced by a geneti-
cally engineered microbe engineered to express one or more
exogenous genes. [llustrative microbes for this purpose
include species from the genus Prototheca or Chlorella. (e.g.,
Prototheca moriformis). Such microbes can be engineered to
express, for example, one or more exogenous genes encoding
sucrose invertase and/or fatty acyl-ACP thioesterase. In illus-
trative embodiments, a microbe is engineered to express
exogenous genes encoding two or more fatty acyl-ACP
thioesterases or sucrose invertase and one or more fatty acyl-
ACP thioesterases.

In various embodiments, the product includes one or more
additive(s), such as an antioxidant, a metal ion deactivator, a
corrosion inhibitor, a demulsifier, an anti-wear additive, a
pour point depressant, or an anti-hydrolysis compound. I1lus-
trative products include a lubricant, a hydraulic fluid, an
industrial oil, or a dielectric fluid. Dielectric fluids, in particu-
lar, can have one or more of the above-discussed additives.

In some cases, the microbial oil-based product is a dielec-
tric fluid. In some embodiments, the microbial oil used in the
dielectric fluid has one or more of the following attributes: (i)
less than 0.4 micrograms/ml total carotenoids; (ii) less than
0.001 micrograms/ml lycopene; (iii) less than 0.02 micro-
grams/ml beta carotene; (iv) less than 0.02 milligrams of
chlorophyll per kilogram of oil; (v) 0.40-0.60 milligrams of
gamma tocopherol per 100 grams of oil; (vi) 3-9 mg campes-
terol per 100 grams of oil; or (vii) less than 0.5 milligrams of
total tocotrienols per gram of oil. In some cases, the dielectric
fluid has one or more of the following properties: viscosity at
40° C. of less than about 110 cSt, e.g., in the range of 20-30
cSt; (b) viscosity at 100° C. in the range of about 2 to about 15
cSt, e.g., 4-8 ¢St; (¢) a viscosity index (V1, a unitless number)
at40° C. of at least 35, including but not limited to a VI of 35
t080,aVIof80t0110,aVITof110to 125,aVIof125to 160,
and, in some embodiments a VI of greater than 160; (d) a pour
point (the lowest temperature at which the liquid will flow) of
-810 10° C. or lower, including but not limited to a pour point
of' -201t0 -25° C. or lower, and, in some embodiments, a pour
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point of =30° C., or -40° C. or lower; (e) lubricity equivalent
to ASTM D2882; (f) low volatility; (g) a high flash point,
including a flash point of 150° C. or higher, including a flash
point of 300° C. or higher; (h) a fire point of 150° C. or higher
(e.g., above 300° C.), including a flash point of 300° C. or
higher; (i) low reactivity, including resistance to decomposi-
tion in the presence of acids and bases, good thermal stability,
low susceptibility to reaction with oxygen, and a low neutral-
ization number (0.06 or lower, for example 0.03 or lower); (j)
good miscibility, including high demulsibility; (k) a power
factor at 25° C. of 1% or lower, including but not limited to
0.5% or lower, 0.15% or lower, 0.1% or lower, and, in some
embodiments 0.05% or lower, (1) a power factor at 100° C. of
1.5% or lower, including but not limited to 1% or lower, 0.3%
or lower, and, in some embodiments 0.1% or lower; (m) a
high dielectric strength; (n) a low dissipation factor; (0) a low
electrical conductivity; (p) high specific heat, including but
not limited to a specific heat of at least 0.39 cal/gm/° C., and,
in some embodiments, a specific heat of at least 0.45 cal/gm/®
C. or higher; and (q) is biodegradable, i.e., breaks down into
carbon dioxide and water in the presence of microbes, such
that atleast 15% or more of the dielectric fluid degrades under
standard test conditions biodegrades in 28 days, and in some
embodiments, 30% or more, or 70% or more, or 100% bio-
degrades under these conditions.

The invention also provides an electrical component
including the above-described dielectric fluid. In certain
embodiments, the electrical component is a transformer.

The invention further provides a method of producing a
product including a microbial oil. In certain embodiments,
the product has a pour point of between about —-10° C. and
about —40° C., and wherein the fatty acid composition of the
microbial oil is at least 50% C18:1 and less than 10% C18:2.
In such embodiments, the method entails cultivating a geneti-
cally engineered microbe engineered to express one or more
exogenous genes until the microbe has at least 10% oil by dry
weight and then separating the oil from the microbe. The
microbial oil is then subjected to refining, bleaching, deodor-
izing and, optionally, degumming to produce RBD oil. The
method can, optionally, further entail adding an antioxidant,
metal ion deactivator, corrosion inhibitor, demulsifier, anti-
wear additive, pour point depressant, or anti-hydrolysis com-
pound to the RBD oil. Illustrative engineered microbes for
can include species from the genus Prototheca or Chlorella.
(e.g., Prototheca moriformis). Such microbes can be engi-
neered to express, for example, one or more exogenous genes
encoding sucrose invertase and/or fatty acyl-ACP
thioesterase. In illustrative embodiments, a microbe is engi-
neered to express exogenous genes encoding two or more
fatty acyl-ACP thioesterases or sucrose invertase and one or
more fatty acyl-ACP thioesterases.

In one embodiment, the present invention provides a
method of making a dielectric fluid, the method comprising
the steps of: (a) cultivating an oleaginous microbe to provide
anoleaginous microbe that is atleast 10% lipid by dry weight,
(b) separating the lipid from the oleaginous microbe, and (¢)
subjecting the lipid to at least one processing step selected
from the group consisting of refining, bleaching, deodorizing,
degumming, and fractionating by crystallizing or dry frac-
tionation or by winterizing.

In some specific embodiments of the method, the oleagi-
nous microbe is selected from the group consisting of
microalgae, oleaginous yeast, oleaginous fungi and oleagi-
nous bacteria. In some cases, the oleaginous microbe is an
oleaginous bacteria that is Rhodococcus opacus. In some
cases, the oleaginous microbe is an oleaginous fungi. In some
cases, the oleaginous fungi is a species listed in Table 3. In
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some cases, the oleaginous microbe is an oleaginous yeast. In
some cases, the oleaginous yeast is a species listed in Table 2.
In some cases, the oleaginous microbe is a microalgae. In
some cases, the microalgae is a species listed in Table 1. In
some cases, the microalgae is of the genus Prototheca.

In some embodiments, the dielectric fluid produced by the
method has one or more of the following attributes: (i) 0.05-
0.244 mcg/g total carotenoids; (ii) less than 0.003 mcg/g
lycopene; (iii) less than 0.003 mcg/g beta carotene; (iv)
0.045-0.268 mcg/g chlorophyll A; (v) 38.3-164 mcg/g
gamma tocopherol; (vi) less than 0.25% brassicasterol,
campesterol, stignasterol, or beta-sitosterol; (vii) 249.6-
325.3 mcg/g total tocotrienols; (viii) 0.003-0.039 mcg/g
Iutein; and (ix) 60.8-261.7 mcg/g tocopherols. In some
embodiments, the dielectric fluid produced by the method has
aproperty selected from the group consisting of: (a) viscosity
at40° C. of less than about 110 cSt, e.g., in the range of 20-30
cSt; (b) viscosity at 100° C. in the range of about 2 to about 15
cSt, e.g., 4-8 c¢St; (¢) a viscosity index at 40° C. of at least 35;
(d) a pour point of -8 to —=10° C. or lower, including -15 to
-25°C. orlower; (e) lubricity equivalent to ASTM D2882; (f)
a flash point of 150° C. or higher; (g) a neutralization number
01'0.06 or lower; (h) a power factor at 25° C. of 1% or lower;
(1) a specific heat of at least 0.39 cal/gm/° C.; and (j) biode-
gradability such that at least 15% or more of the dielectric
fluid degrades under standard test conditions in 28 days.

In some cases, the dielectric fluid is admixed with one or
more of the following additives: (a) an antioxidant; (b) a
deactivator of metal ions; (¢) a corrosion inhibitor; (d) a
demulsifier; (e) an anti-wear additive; (f) a malan styrene
copolymer; (g) a pour point depressant, including but not
limited to VISCOPLEX® 10-310 or 1-133 (Rohmax-Evonik
Additives GmbH), or other poly(alkyl)acrylates and poly(m-
ethyl)acrylates such as INFINEUM® V-351 (Infineum UK
limitied), PMA-D110 and PMA D; or (h) a carbodiimide; or
(1) synthetic esters or (j) poly alfa olefins (PAO) or (k) ester of
estolides.

In another embodiment, the present invention provides a
dielectric fluid comprising an oleaginous microbial oil,
wherein said dielectric fluid comprises less than approxi-
mately 10% C18:2. In some cases, the dielectric fluid com-
prises less than approximately 5% C18:2. In some cases, the
dielectric fluid comprises less than approximately 2% C18:2.
In some cases, the dielectric fluid further comprises at least
65% C18:1. In some cases, the dielectric fluid further com-
prises less than 30% C16:0.

In some embodiments, the microbial oil is blended with
another oil to produce the dielectric fluid in accordance with
embodiments of the invention. In some cases, the other oil is
not a microbial oil. In some cases, the other oil is selected
from the group consisting of soy, rapeseed, canola, palm,
palm kernel, coconut, corn, waste vegetable, Chinese tallow,
olive, sunflower, cottonseed, chicken fat, beef tallow, porcine
tallow, microalgae, macroalgae, microbes, Cuphea, flax, pea-
nut, choice white grease, lard, Camellina sativa, mustard
seed, cashew nut, oats, lupine, kenaf, calendula, help, coftee,
linseed (flax), hazelnut, euphorbia, pumpkin seed, coriander,
camellia, sesame, safflower, rice, tung tree, cocoa, copra,
opium poppy, castor beans, pecan, jojoba, macadamia, Brazil
nuts, avocado, oleaginous yeast, oleaginous bacteria, petro-
leum, or a distillate fraction of any of the preceding oils.

In some embodiments, the content of the other oil in the
dielectric fluid is less than 30%. In some cases, the content of
the other oil in the dielectric fluid is less than 20%. In some
cases, the content of the other oil in the dielectric fluid is less
than 10%. In some embodiments, the content of the microbial
oil in the dielectric fluid is less than 50%. In some cases, the
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content of the microbial oil in the dielectric fluid is less than
25%. In some cases, the content of the microbial oil in the
dielectric fluid is less than 10%.

In another embodiment, the present invention provides a
dielectric fluid comprising one or more of the following addi-
tives: (a) an antioxidant, including but not limited to BHT and
other phenols; (b) a deactivator of metal ions such as Cu, Zn,
and the like, including but not limited to a benzotriazole; (c)
corrosion inhibitors, including but not limited to ester sul-
fonates and succinic acid esters; (d) demulsifiers; (e) anti-
wear additives, including but not limited to zinc dithiophos-
phate; (f) additives to depress the pour point, including but not
limited to malan styrene copolymers and poly(alkyl)acry-
lates, including but not limited to polymethacrylates; and (g)
compounds that protect against hydrolysis, including but not
limited to carbodiimides.

These and other embodiments of the invention are
described in the detailed description below, and are exempli-
fied in the examples below. Any or all of the features dis-
cussed above and throughout this application can be com-
bined in various embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the fol-
lowing description taken in conjunction with the accompany-
ing drawings that illustrate certain specific embodiments of
the present invention.

FIG. 1. Typical cooling profile for RBD oil fractionation
(Tt=filtration temperature).

FIG. 2. Typical cooling profile for algal olein fractionation
(Tt=filtration temperature).

FIG. 3. VPL 10-310 effect on pour point of algal oil and
fractionated oils. “Deodorized o0il” is RBD oil; “olein” is
olein #1; “super olein™ is super olein #1.”

DETAILED DESCRIPTION

The present invention arises, in part, from the discovery
that Prototheca and other oleaginous microorganisms have,
in certain embodiments, unexpectedly advantageous proper-
ties for the production of dielectric fluids, among other appli-
cations, such as biodegradable lubricants, especially engine
oils and hydraulic fluids, which were previously mainly based
on mineral oils. Lubricants based on microbial oil can be used
to replace of petroleum lubricants in chainsaw bar, drilling
muds and oils, straight metalworking fluids, food industry
lubricants, open gear oils, biodegradable grease, hydraulic
fluids, marine oils and outboard engine lubricants, oils for
water and underground pumps, rail flange lubricants, shock
absorber lubricants, tractor oils, agricultural equipment lubri-
cants, elevator oils, mould release oils, two stroke engine
lubricants and other lubricants.

The present invention also arises, in part, from the discov-
ery of processes for modifying microbial oils to reduce their
pour point. Transesterification of lipids yields long-chain
fatty acid esters. Other enzymatic and chemical processes can
be tailored to yield fatty acids, aldehydes, alcohols, alkanes,
and alkenes. In some applications, hydrocarbon compounds
useful in dielectric fluids are produced.

This detailed description is divided into sections for the
convenience of the reader. Section I provides definitions of
terms used herein. Section Il provides a description of culture
conditions useful in embodiments of the methods of the
invention. Section III provides a description of genetic engi-
neering methods and materials. Section IV provides a
description of genetic engineering of microbes to enable
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sucrose utilization, with specific reference to microalgae, as
exemplified by Prototheca. Section V provides a description
of genetic engineering of to modify lipid biosynthesis. Sec-
tion VI describes methods for making microbial oils of
embodiments of the invention and products derived there-
from, such as dielectric fluids. Section VII discloses examples
that illustrate the various embodiments of the invention.

1. Definitions

Unless defined otherwise, all technical and scientific terms
used herein have the meaning commonly understood by a
person skilled in the art to which this invention belongs. The
following references provide one of skill with a general defi-
nition of many of the terms used in this invention: Singleton
et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and
Technology (Walker ed., 1988); The Glossary of Genetics, Sth
Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale
& Marham, The Harper Collins Dictionary of Biology
(1991). As used herein, the following terms have the mean-
ings ascribed to them unless specified otherwise.

“Active in microalgae” refers to a nucleic acid that is func-
tional in microalgae. For example, a promoter that has been
used to drive an antibiotic resistance gene to impart antibiotic
resistance to a transgenic microalgae is active in microalgae.

“Acyl carrier protein” or “ACP” is a protein that binds a
growing acyl chain during fatty acid synthesis as a thiol ester
at the distal thiol of the 4'-phosphopantetheine moiety and
comprises a component of the fatty acid synthase complex.

“Acyl-CoA molecule” or “acyl-CoA” is a molecule com-
prising an acyl moiety covalently attached to coenzyme A
through a thiol ester linkage at the distal thiol of the 4'-phos-
phopantetheine moiety of coenzyme A.

“Antioxidant” is a molecule that is capable of inhibiting the
oxidation of other molecules. Antioxidants are frequently
added to industrial products. A common use is as stabilizers in
fuels and lubricants to prevent oxidation, and in gasolines to
prevent the polymerization that leads to the formation of
engine-fouling residues. They are also widely used to prevent
the oxidative degradation of polymers such as rubbers, plas-
tics and adhesives that causes a loss of strength and flexibility
in these materials.

“Anti-hydrolysis compound” is a molecule that inhibits the
decomposition of a chemical compound by reaction with
water. Carbodiimides, for example, can be employed as anti-
hydrolysis compounds. Anti-hydrolysis compounds are com-
mercially available, e.g., from SpecialChem, among others.

“Anti-wear additive” is an additive to a fluid (e.g., a lubri-
cating oil) that results in longer machine life due to higher
wear and score resistance of the components. Anti-wear addi-
tives prevent direct metal-to-metal contact between the
machine parts when the oil film is broken down. Typically, the
additive reacts with the metal on the part surface and forms a
film, which may slide over the friction surface. Anti-wear
additives typically contain zinc and phosphorus compounds.
Examples of anti-wear additives include zinc dithiophos-
phate (ZDP), zinc dialkyl dithio phosphate (ZDDP, also acts
as a corrosion inhibitor and antioxidant), tricresyl phosphate
(TCP, used for high-temperature operation), halocarbons
(chlorinated paratfins, for extreme pressure operations), glyc-
erol mono-oleate, stearic acid (which adheres to surfaces via
reversible adsorption process under 150° C., useful for mild
contact conditions.

“Area Percent” refers to the area of peaks observed using
FAME GC/FID detection methods in which every fatty acid
in the sample is converted into a fatty acid methyl ester
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(FAME) prior to detection. For example, a separate peak is
observed for a fatty acid of 14 carbon atoms with no unsat-
uration (C14:0) compared to any other fatty acid such as
C14:1. The peak area for each class of FAME is directly
proportional to its percent composition in the mixture and is
calculated based on the sum of all peaks present in the sample
(i.e. [area under specific peak/total area of all measured
peaks]x100). When referring to lipid (fatty acid) profiles of
oils and cells described herein, “at least 4% C8-C14” means
that at least 4% of the total fatty acids in the cell or in the
extracted glycerolipid composition have a chain length that
includes 8, 10, 12 or 14 carbon atoms.

“Axenic” refers to a culture of an organism free from con-
tamination by other living organisms.

“Biodiesel” is a biologically produced fatty acid alkyl ester
suitable for use as a fuel in a diesel engine.

“Biomass” is material produced by growth and/or propa-
gation of cells. Biomass may contain cells and/or intracellular
contents as well as extracellular material, includes, but is not
limited to, compounds secreted by a cell.

“Bioreactor” is an enclosure or partial enclosure in which
cells are cultured, optionally in suspension.

“Breakdown voltage” of a dielectric fluid is the voltage at
which the dielectric fluid loses its insulating properties.

“Catalyst” is an agent, such as a molecule or macromo-
lecular complex, capable of facilitating or promoting a
chemical reaction of a reactant to a product without becoming
a part of the product. A catalyst increases the rate of a reac-
tion, after which, the catalyst may act on another reactant to
form the product. A catalyst generally lowers the overall
activation energy required for the reaction such that it pro-
ceeds more quickly or ata lower temperature. Thus, a reaction
equilibrium may be more quickly attained. Examples of cata-
lysts include enzymes, which are biological catalysts; heat,
which is a non-biological catalyst; and metals used in fossil
oil refining processes.

“Cellulosic material” is the product of digestion of cellu-
lose, including glucose and xylose, and optionally additional
compounds such as disaccharides, oligosaccharides, lignin,
furfurals and other compounds. Nonlimiting examples of
sources of cellulosic material include sugar cane bagasses,
sugar beet pulp, corn stover, wood chips, sawdust and switch-
grass.

“Co-culture”, and variants thereof such as “co-cultivate”
and “co-ferment”, refer to the presence of two or more types
of cells in the same bioreactor. The two or more types of cells
may both be microorganisms, such as microalgae, or may be
a microalgal cell cultured with a different cell type. The
culture conditions may be those that foster growth and/or
propagation of the two or more cell types or those that facili-
tate growth and/or proliferation of one, or a subset, of the two
or more cells while maintaining cellular growth for the
remainder.

“Cofactor” is any molecule, other than the substrate,
required for an enzyme to carry out its enzymatic activity.

“Complementary DNA” or “cDNA” is a DNA copy of
mRNA, usually obtained by reverse transcription of messen-
ger RNA (mRNA) or amplification (e.g., via polymerase
chain reaction (“PCR”)).

“Corrosion inhibitor” is molecule that, when added to a
fluid, decreases the corrosion rate of a metal or an alloy in
contact with the fluid.

“Cultivated”, and variants thereof such as “cultured” and
“fermented”, refer to the intentional fostering of growth (in-
creases in cell size, cellular contents, and/or cellular activity)
and/or propagation (increases in cell numbers via mitosis) of
one or more cells by use of selected and/or controlled condi-
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tions. The combination of both growth and propagation may
be termed proliferation. Examples of selected and/or con-
trolled conditions include the use of a defined medium (with
known characteristics such as pH, ionic strength, and carbon
source), specified temperature, oxygen tension, carbon diox-
ide levels, and growth in a bioreactor. Cultivate does not refer
to the growth or propagation of microorganisms in nature or
otherwise without human intervention; for example, natural
growth of an organism that ultimately becomes fossilized to
produce geological crude oil is not cultivation.

“Cytolysis” is the lysis of cells in a hypotonic environment.
Cytolysis is caused by excessive osmosis, or movement of
water, towards the inside of a cell (hyperhydration). The cell
cannot withstand the osmotic pressure of the water inside, and
so it explodes.

“Delipidated meal” and “delipidated microbial biomass™ is
microbial biomass after oil (including lipids) has been
extracted or isolated from it, either through the use of
mechanical (i.e., exerted by an expeller press) or solvent
extraction or both. Delipidated meal has a reduced amount of
oil/lipids as compared to before the extraction or isolation of
oil/lipids from the microbial biomass but does contain some
residual oil/lipid.

“Demulsifier” is a molecule that either breaks emulsions
(usually liquid-liquid emulsions) or prevents them from
forming. Demulsifiers are typically based on the following
chemistries: acid catalysed phenol-formaldehyde resins, base
catalysed phenol-formaldehyde resins, polyamines, di-ep-
oxides, polyols. These molecules are usually ethoxylated
(and/or propoxylated) to provide the desired degree of water/
oil solubility. The addition of ethylene oxide increases water
solubility, whereas propylene oxide decreases it. Commer-
cially available demulsifier formulations are typically a mix-
ture of two to four different chemistries, in carrier solvent(s)
such as xylene, Heavy Aromatic Naptha (HAN), isopropanol,
methanol, 2-ethylhexanol or diesel.

“Dielectric” or a “dielectric fluid” is a fluid that does not
conduct, or has a very low level of conductivity of, an electric
current under normal circumstances (or under the circum-
stances of its intended use). Dielectric fluids are used for
electrical insulation, cooling and lubrication, for example, in
transformers and other electrical devices. Electrical devices
that utilize dielectric fluids include power and distribution
transformers, circuit breakers, capacitors, switchgear, X-ray
machines, and insulating cables.

“Dielectric strength” of a material (e.g., insulator) is the
maximum voltage required to produce a dielectric break-
down, i.e., failure of its insulating properties, expressed as
volts per unit thickness. The dielectric strength of a material
can be determined according the standard methods, for
example ASTM test methods D1816, D877, D3300, D117,
D2413, D6180, D6181, or D1310.

“Expression vector” or “expression construct” or “plas-
mid” or “recombinant DNA construct” refer to a nucleic acid
that has been generated via human intervention, including by
recombinant means or direct chemical synthesis, with a series
of specified nucleic acid elements that permit transcription
and/or translation of a particular nucleic acid in a host cell.
The expression vector can be part of a plasmid, virus, or
nucleic acid fragment. Typically, the expression vector
includes a nucleic acid to be transcribed operably linked to a
promoter.

“Exogenous gene” is a nucleic acid that codes for the
expression of an RNA and/or protein that has been introduced
(“transformed”) into a cell, and is also referred to as a “trans-
gene”. A transformed cell may be referred to as a recombinant
cell, into which additional exogenous gene(s) may be intro-
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duced. The exogenous gene may be from a different species
(and so heterologous), or from the same species (and so
homologous), relative to the cell being transformed. Thus, an
exogenous gene can include a homologous gene that occupies
a different location in the genome of the cell or is under
different control, relative to the endogenous copy of the gene.
An exogenous gene may be present in more than one copy in
the cell. An exogenous gene may be maintained in a cell as an
insertion into the genome (nuclear or plasmid) or as an epi-
somal molecule.

“Exogenously provided” refers to a molecule provided to
the culture media of a cell culture.

“Expeller pressing” is a mechanical method for extracting
oil from raw materials such as soybeans and rapeseed. An
expeller press is a screw type machine, which presses material
through a caged barrel-like cavity. Raw materials enter one
side of the press and spent cake exits the other side while oil
seeps out between the bars in the cage and is collected. The
machine uses friction and continuous pressure from the screw
drives to move and compress the raw material. The oil seeps
through small openings that do not allow solids to pass
through. As the raw material is pressed, friction typically
causes it to heat up.

“Fatty acid” is a carboxylic acid with a long aliphatic tail
(chain). The aliphatic portion of the fatty acid can be fully
saturated (no double bond(s)) or can be unsaturated at one or
more various portions of the molecule. Most naturally occur-
ring fatty acids have a chain of an even number of carbon
atoms, from 4 to 28. Fatty acids can be components of trig-
lycerides or other lipids, e.g., phospholipids, sphingolipids.
Fatty acids can be characterized by “lipid numbers.” Lipid
numbers take the form C:D, where C is the number of carbon
atoms in the fatty acid and D is the number of double bonds in
the fatty acid. Accordingly, “C18:1” refers to a a fatty acid
with 18 carbons and 1 double bond, whereas “C18:2” refers to
a fatty acid with 18 carbons and 2 double bonds.

“Fatty acyl-ACP thioesterase” is an enzyme that catalyzes
the cleavage of a fatty acid from an acyl carrier protein (ACP)
during lipid synthesis.

“Fatty acyl-CoA/aldehyde reductase” is an enzyme that
catalyzes the reduction of an acyl-CoA molecule to a primary
alcohol.

“Fatty acyl-CoA reductase” is an enzyme that catalyzes the
reduction of an acyl-CoA molecule to an aldehyde.

“Fatty aldehyde decarbonylase” is an enzyme that cata-
lyzes the conversion of a fatty aldehyde to an alkane.

“Fatty aldehyde reductase” is an enzyme that catalyzes the
reduction of an aldehyde to a primary alcohol.

Fire point of a material is the temperature at which it will
continue to burn for at least 5 seconds after ignition by an
open flame. The fire point can be determined according stan-
dard methods, for example ASTM test methods D92 or
D1310.

“Flash point™ is the lowest temperature at which a material
can vaporize to form an ignitable mixture in air. At the flash
point, the material may ignite, but the vapors produced upon
the ignition may not be produced at a sufficient rate to sustain
combustion. The flash point can be determined according
standard methods, for example ASTM test methods D3278,
D3828, D56, or D93.

“Fixed carbon source” is a molecule(s) containing carbon,
typically an organic molecule, that is present at ambient tem-
perature and pressure in solid or liquid form in a culture media
that can be utilized by a microorganism cultured therein.

“Heterotrophic™ as it pertains to culture conditions is cul-
turing in the substantial absence of light while utilizing or
metabolizing a fixed carbon source.
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“Homogenate” is biomass that has been physically dis-
rupted.

“Hydraulic fluid” is the fluid serving as the power trans-
mission medium in a hydraulic system.

“Hydrocarbon” is a molecule containing only hydrogen
and carbon atoms wherein the carbon atoms are covalently
linked to form a linear, branched, cyclic, or partially cyclic
backbone to which the hydrogen atoms are attached. The
molecular structure of hydrocarbon compounds varies from
the simplest, in the form of methane (CH,), which is a con-
stituent of natural gas, to the very heavy and very complex,
such as some molecules such as asphaltenes found in crude
oil, petroleum, and bitumens. Hydrocarbons may be in gas-
eous, liquid, or solid form, or any combination of these forms,
and may have one or more double or triple bonds between
adjacent carbon atoms in the backbone. Accordingly, the term
includes linear, branched, cyclic, or partially cyclic alkanes,
alkenes, lipids, and paraffin. Examples include propane,
butane, pentane, hexane, octane, and squalene.

“Hydrogen:carbon ratio” is the ratio of hydrogen atoms to
carbon atoms in a molecule on an atom-to-atom basis. The
ratio may be used to refer to the number of carbon and hydro-
gen atoms in a hydrocarbon molecule. For example, the
hydrocarbon with the highest ratio is methane CH,, (4:1).

“Hydrophobic fraction” is the portion, or fraction, of a
material that is more soluble in a hydrophobic phase in com-
parison to an aqueous phase. A hydrophobic fraction is sub-
stantially insoluble in water and usually non-polar.

“Increase lipid yield” refers to an increase in the lipid
productivity of a microbial culture by, for example, increas-
ing dry weight of cells per liter of culture, increasing the
percentage of cells that constitute lipid, or increasing the
overall amount of lipid per liter of culture volume per unit
time.

“Inducible promoter” is a promoter that mediates tran-
scription of an operably linked gene in response to a particular
stimulus.

“Industrial 0il” is an oil that is useful in industry. Common
industrial oils include chainsaw bar lubricant, metal working
fluids, food grade lubricants, gear oils, marine oils, engine
lubricants, tractor oils, agricultural equipment lubricants,
elevator oils, mould release oils, and the like. “Chainsaw bar
lubricant” is used for the external lubrication of the bar and
chain of chainsaws. “Metal working fluids” are fluids used to
cool and/or lubricate the process of shaping a piece of metal
into a useful object. “Food grade lubricants™ are lubricants
that are acceptable for use in meat, poultry and other food
processing equipment, applications and plants. “Gear oils”
are oils that are useful for lubricating gears, e.g., in transmis-
sions, transfer cases, and differentials in automobiles, trucks,
and other machinery. “Marine oils” are oils that are useful for
lubricating the moving parts of marine equipment. “Engine
lubricants™ are used for lubrication of various internal com-
bustion engines. While the main function is to lubricate mov-
ing parts, engine lubricants can also clean, inhibit corrosion,
improve sealing, and cool the engine by carrying heat away
from moving parts. “Tractor oils” are oils that are useful for
lubricating the moving parts on tractors. “Agricultural equip-
ment lubricants™ are lubricants that are useful for lubricating
the moving parts of agricultural equipment. “Elevator oils”
are oils used as hydraulic fluid in hydraulic elevators. “Mould
release oils” are oils useful in the production of formed
articles using a mould. Mould release oils facilitate release of
the formed article from the mould and can have surface con-
ditioning characteristics that provide a desired surface finish.

“In operable linkage” is a functional linkage between two
nucleic acid sequences, such a control sequence (typically a
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promoter) and the linked sequence (typically a sequence that
encodes a protein, also called a coding sequence). A promoter
is in operable linkage with an exogenous gene if it can medi-
ate transcription of the gene.

“In situ” means “in place” or “in its original position”.
“lodine value” (or “iodine number”) is a measure of the
degree of unsaturation of an oil. It is the mass of iodine that is
consumed by the unsaturated bonds in an oil. For example, an
oil with an iodine value of 50 is an oil in which 100 grams of
oil would consume 50 grams of iodine. lodine values are
routinely determined in the art. Standard methods to deter-
mine iodine values include ASTM D5768-02 (2006) and DIN
53241.

“Limiting concentration of a nutrient” is a concentration of
a compound in a culture that limits the propagation of a
cultured organism. A “non-limiting concentration of a nutri-
ent” is a concentration that supports maximal propagation
during a given culture period. Thus, the number of cells
produced during a given culture period is lower in the pres-
ence of a limiting concentration of a nutrient than when the
nutrient is non-limiting. A nutrient is said to be “in excess” in
a culture, when the nutrient is present at a concentration
greater than that which supports maximal propagation.

“Lipase” is a water-soluble enzyme that catalyzes the
hydrolysis of ester bonds in water-insoluble, lipid substrates.
Lipases catalyze the hydrolysis of lipids into glycerols and
fatty acids.

“Lipid modification enzyme” refers to an enzyme that
alters the covalent structure of a lipid. Examples of lipid
modification enzymes include a lipase, a fatty acyl-ACP
thioesterase, a desaturase, including a stearoyl acyl carrier
protein desaturase (SAD) and a fatty acyl desaturase (FAD),
and a fatty aldehyde decarbonylase.

“Lipid pathway enzyme” is any enzyme that plays a role in
lipid metabolism, i.e., either lipid synthesis, modification, or
degradation, and any proteins that chemically modify lipids,
as well as carrier proteins.

“Lipid” or “lipids™ are a class of molecules that are soluble
in nonpolar solvents (such as ether and chloroform) and are
relatively or completely insoluble in water. Lipid molecules
have these properties, because they consist largely of long
hydrocarbon tails which are hydrophobic in nature. Examples
of'lipids include fatty acids (saturated and unsaturated); glyc-
erides or glycerolipids (such as monoglycerides, diglycer-
ides, triglycerides or neutral fats, and phosphoglycerides or
glycerophospholipids); nonglycerides (sphingolipids, sterol
lipids including cholesterol and steroid hormones, prenol lip-
ids including terpenoids, fatty alcohols, waxes, and
polyketides); and complex lipid derivatives (sugar-linked lip-
ids, or glycolipids, and protein-linked lipids). “Fats” are a
subgroup of lipids called “triacylglycerides.”

“Lubricant” is a substance capable of reducing friction,
heat, and/or wear when introduced as a film between solid
surfaces

“Lysate” is a solution containing the contents of lysed cells.

“Lysing” or “lysis” is disrupting the cellular membrane and
optionally the cell wall of a biological organism or cell suf-
ficient to release at least some intracellular content.

“Metal ion deactivator,” also known as “metal deactivator”
or “metal deactivating agent (MDA)” is a fuel and/or oil
additive used to stabilize fluids by deactivating (usually by
sequestering) metal ions. The metal ions may be produced by
the action of naturally occurring acids in the fuel and acids
generated in lubricants by oxidative processes with the metal-
lic parts of systems.

“Microalgae” is a eukarytotic microbial organism that con-
tains a chloroplast or plastid, and optionally that is capable of
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performing photosynthesis, or a prokaryotic microbial organ-
ism capable of performing photosynthesis. Microalgae
include obligate photoautotrophs, which cannot metabolize a
fixed carbon source as energy, as well as heterotrophs, which
can live solely off of a fixed carbon source. Microalgae
include unicellular organisms that separate from sister cells
shortly after cell division, such as Chlamydomonas, as well as
microbes such as, for example, Volvox, which is a simple
multicellular photosynthetic microbe of two distinct cell
types. Microalgae include cells such as Chlorella, Dunaliella,
and Prototheca. Microalgae also include other microbial pho-
tosynthetic organisms that exhibit cell-cell adhesion, such as
Agmenellum, Anabaena, and Pyrobotrys. “Microalgae” also
refers to obligate heterotrophic microorganisms that have lost
the ability to perform photosynthesis, such as certain
dinoflagellate algae species and species of the genus Prototh-
eca.

“Microorganism” and “microbe” are microscopic unicel-
Iular organisms.

“Naturally co-expressed” with reference to two proteins or
genes means that the proteins or their genes are co-expressed
naturally in a tissue or organism from which they are derived,
e.g., because the genes encoding the two proteins are under
the control of a common regulatory sequence or because they
are expressed in response to the same stimulus.

“Oil” refers to any triacylglyceride oil, produced by organ-
isms, including oleaginous yeast, plants, and/or animals.
“0il,” as distinguished from “fat”, refers, unless otherwise
indicated, to lipids that are generally, but not always, liquid at
ordinary room temperatures and pressures. For example,
“o0il” includes vegetable or seed oils derived from plants,
including without limitation, an oil derived from avocado,
Brazil nuts, calendula, camelina, camelina sativa, canola,
cashew nut, castor beans, cocoa butter (also known as cacao,
which is a triacylglyceride oil derived from the cacao bean
that is solid at typical room temperatures and pressures),
coconut, coffee, copra, coriander, corn, cotton seed, cuphea,
euphorbia, hazelnut, hemp, jatropha, jojoba, kenaf, linseed,
lupine, macadamia, mustard seed, oats, olive, opium poppy,
palm, palm kernel, peanut, pecan, pumpkin seed, rapeseed,
rice, safflower, sesame, soy, sunflower, and tung oil tree, as
well as combinations thereof. “Microbial 0il” refers to an oil
derived from a microbe.

“Oleaginous yeast” means yeast that can naturally accu-
mulate more than 20% of their dry cell weight as lipid and are
of the Dikarya subkingdom of fungi. Oleaginous yeast
include, but are not limited to, organisms such as Yarrowia
lipolytica, Rhodotorula glutinis, Cryptococcus curvatus, and
Lipomyces starkeyi.

“Osmotic shock” is the rupture of cells in a solution fol-
lowing a sudden reduction in osmotic pressure. Osmotic
shock is sometimes induced to release cellular components of
such cells into a solution.

“Polysaccharide-degrading enzyme” is any enzyme
capable of catalyzing the hydrolysis, or saccharification, of
any polysaccharide. For example, cellulases catalyze the
hydrolysis of cellulose.

“Polysaccharides™ or “glycans” are carbohydrates made up
of monosaccharides joined together by glycosidic linkages.
Cellulose is a polysaccharide that makes up certain plant cell
walls. Cellulose can be depolymerized by enzymes to yield
monosaccharides such as xylose and glucose, as well as larger
disaccharides and oligosaccharides.

“Pour point” is the lowest temperature at which a liquid
will pour or flow under a specific set of conditions. Exemplary
pour point standards include ASTM D97-11, D5853-11, and
D5949-10, but others known to, or developed by, those of skill
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in the art can be employed in making pour point determina-
tions in connection with the methods described herein.

“Pour point depressants” or “PPDs” are polymers that con-
trol wax crystal formation in oils or lubricants, resulting in
lower pour point and improved low temperature flow perfor-
mance.

“Promoter” is a nucleic acid control sequence that directs
transcription of a nucleic acid. As used herein, a promoter
includes necessary nucleic acid sequences near the start site
of transcription, such as, in the case of a polymerase I type
promoter, a TATA element. A promoter also optionally
includes distal enhancer or repressor elements, which can be
located as much as several thousand base pairs from the start
site of transcription.

“Recombinant™ refers to a cell, nucleic acid, protein or
vector, that has been modified due to the introduction of an
exogenous nucleic acid or the alteration of a native nucleic
acid. Thus, e.g., recombinant cells express genes that are not
found within the native (non-recombinant) form of the cell or
express native genes differently than those genes are
expressed by a non-recombinant cell. A “recombinant nucleic
acid” is a nucleic acid originally formed in vitro, in general,
by the manipulation of nucleic acid, e.g., using polymerases
and endonucleases, or otherwise is in a form not normally
found in nature. Recombinant nucleic acids may be produced,
for example, to place two or more nucleic acids in operable
linkage. Thus, an isolated nucleic acid or an expression vector
formed in vitro by ligating DNA molecules that are not nor-
mally joined in nature, are both considered recombinant.
Once a recombinant nucleic acid is made and introduced into
a host cell or organism, it may replicate using the in vivo
cellular machinery of the host cell; however, such nucleic
acids, once produced recombinantly, although subsequently
replicated intracellularly, are still considered recombinant.
Similarly, a “recombinant protein” is a protein made using
recombinant techniques, i.e., through the expression of a
recombinant nucleic acid.

“RBD o0il” is an oil that has been subjected to refining,
bleaching, or deodorizing.

“Renewable diesel” is a mixture of alkanes (such as C10:0,
C12:0, C14:0, C16:0 and C18:0) produced through hydroge-
nation and deoxygenation of lipids.

“Saccharification” is a process of converting biomass, usu-
ally cellulosic or lignocellulosic biomass, into monomeric
sugars, such as glucose and xylose. “Saccharified” or “depo-
lymerized” cellulosic material or biomass refers to cellulosic
material or biomass that has been converted into monomeric
sugars through saccharification.

“Sonication” is a process of disrupting biological materi-
als, such as a cell, by use of sound wave energy.

“Species of furfural” is 2-furancarboxaldehyde or a deriva-
tive that retains the same basic structural characteristics.

“Stover” is the dried stalks and leaves of a crop remaining
after a grain has been harvested.

“Sucrose utilization gene” is a gene that, when expressed,
aids the ability ofa cell to utilize sucrose as an energy source.
Proteins encoded by a sucrose utilization gene are referred to
herein as “sucrose utilization enzymes” and include sucrose
transporters, sucrose invertases, and hexokinases such as glu-
cokinases and fructokinases.

“Transformer” is a device that transfers electrical energy
from one circuit to another through inductively coupled con-
ductors, typically the transformer’s coils.

The terms “winterizing” oil or “winterization of 0il” refer
to a process that includes removing the higher melting point
components from an oil and/or adding one or more pour point
depressant(s).
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II. Cultivation And Culture Conditions

In certain embodiments, the present invention generally
relates to cultivation of oleaginous microbes, such as wild-
type and recombinant microalgae, including Chlorella and
Prototheca species and strains, and yeast, fungi, and bacteria
species and strains, for the production of microbial oil (lip-
ids). For the convenience of the reader, this section is subdi-
vided into subsections. Subsection 1 describes Prototheca
species and strains and how to identify new Prototheca spe-
cies and strains and related microalgae by genomic DNA
comparison, as well as other microalgae, yeast, fungi, and
bacteria useful in the methods described herein. Subsection 2
describes bioreactors useful for cultivation. Subsection 3
describes media for cultivation. Subsection 4 describes oil
(lipid) production in accordance with illustrative cultivation
methods described herein. Subsection 5 describes types of
oleaginous yeast suitable for use in the methods described
herein, culture conditions for generating yeast biomass, and
the lipid profiles and chemical composition of the biomass
prepared in accordance with illustrative methods described
herein.

1. Prototheca Species and Strains and Other Oleaginous
Microbes

Prototheca is a remarkable microorganism for use in the
production of lipid, because it can produce high levels of
lipid, particularly lipid suitable for dielectric fluid and other
Iubricant production. The lipid produced by Prototheca has a
higher degree of saturation than that produced by other
microalgae. Moreover, Prototheca lipid is generally free of
pigment (low to undetectable levels of chlorophyll and cer-
tain carotenoids) and in any event contains much less pigment
than lipid from other microalgae. Moreover, recombinant
Prototheca cells provided for use in the methods described
herein can be used to produce lipid in greater yield and effi-
ciency, and with reduced cost, relative to the production of
lipid from other microorganisms. Illustrative Prototheca spe-
cies and strains for use in the methods described herein
include Prototheca wickerhamii, Prototheca stagnora (in-
cluding UTEX 327), Prototheca portoricensis, Prototheca
moriformis (including UTEX strains 1441, 1435), and Pro-
totheca zopfii. Species of the genus Prototheca are obligate
heterotrophs.

Species of Prototheca for use in the methods described
herein can be identified by amplification of certain target
regions of the genome. For example, identification of a spe-
cific Prototheca species or strain can be achieved through
amplification and sequencing of nuclear and/or chloroplast
DNA using primers and methodology using any region of the
genome, for example using the methods described in Wu et
al., Bot. Bull. Acad. Sin. (2001) 42:115-121 Identification of
Chlorella spp. isolates using ribosomal DNA sequences. Well
established methods of phylogenetic analysis, such as ampli-
fication and sequencing of ribosomal internal transcribed
spacer (ITS1 and ITS2 rDNA), 23S rRNA, 18S rRNA, and
other conserved genomic regions can be used by those skilled
in the art to identify species of not only Proftotheca, but other
hydrocarbon and lipid producing organisms with similar lipid
profiles and production capability. For examples of methods
of identification and classification of algae also see for
example Genetics, 2005 August; 170(4):1601-10 and RNA,
2005 April; 11(4):361-4.

Thus, genomic DNA comparison can be used to identify
suitable species of microalgae to be used in the methods
described herein. Regions of conserved genomic DNA, such
as but not limited to DNA encoding for 23S rRNA, can be
amplified from microalgal species and compared to consen-
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sus sequences in order to screen for microalgal species that
are taxonomically related to the preferred microalgae used in
the methods described herein. Examples of such DNA
sequence comparison for species within the Prototheca genus
are shown below. Genomic DNA comparison can also be
useful to identify microalgal species that have been misiden-
tified in a strain collection. Often a strain collection will
identify species of microalgae based on phenotypic and mor-
phological characteristics. The use of these characteristics
may lead to miscategorization of the species or the genus of a
microalgae. The use of genomic DNA comparison can be a
better method of categorizing microalgae species based on
their phylogenetic relationship.

Tustrative microalgae for use in the methods described
herein typically have genomic DNA sequences encoding for
23S rRNA that have at least 99%, least 95%, at least 90%, or
at least 85% nucleotide identity to at least one of the
sequences listed in SEQ ID NOs: 11-19.

For sequence comparison to determine percent nucleotide
or amino acid identity, typically one sequence acts as a ref-
erence sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and ref-
erence sequences are input into a computer, subsequence
coordinates are designated, if necessary, and sequence algo-
rithm program parameters are designated. The sequence com-
parison algorithm then calculates the percent sequence iden-
tity for the test sequence(s) relative to the reference sequence,
based on the designated program parameters.

Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith &
Waterman, Adv. Appl. Math. 2:482 (1981), by the homology
alignment algorithm of Needleman & Wunsch, J. Mo/. Biol.
48:443 (1970), by the search for similarity method of Pearson
& Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 (1988), by
computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by visual inspection (see generally
Ausubel et al., supra).

Another example of an algorithm suitable for determining
percent sequence identity and sequence similarity is the
BLAST algorithm, which is described in Altschul et al., J.
Mol. Biol. 215:403-410 (1990). Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information (at the web address
www.ncbi.nlm.nih.gov). This algorithm involves first identi-
fying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match
or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., supra.). These initial neighborhood
word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are then extended in
both directions along each sequence for as far as the cumu-
lative alignment score can be increased. Cumulative scores
are calculated using, for nucleotide sequences, the parameters
M (reward score for a pair of matching residues; always >0)
and N (penalty score for mismatching residues; always <0).
For amino acid sequences, a scoring matrix is used to calcu-
late the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score
falls off by the quantity X from its maximum achieved value;
the cumulative score goes to zero or below due to the accu-
mulation of one or more negative-scoring residue alignments;
or the end of either sequence is reached. For identifying
whether a nucleic acid or polypeptide is within the scope of
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the invention, the default parameters of the BLAST programs
are suitable. The BLASTN program (for nucleotide
sequences) uses as defaults a word length (W) of 11, an
expectation (E) of 10, M=5, N=-4, and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a word length (W) of 3, an expectation (E) of
10, and the BLOSUMSG62 scoring matrix. The TBLATN pro-
gram (using protein sequence for nucleotide sequence) uses
as defaults a word length (W) of 3, an expectation (E) of 10,

18

A wide variety of oleaginous microbes in addition to Pro-
totheca can be used in the methods described herein. For
example, Chlorella, including but not limited to strains of the
protothecoides species of Chlorella, is an excellent microal-
gae for use in the methods described herein. Considerations
affecting the selection of microorganisms for use in the meth-
ods described herein in addition to production of suitable
lipids or hydrocarbons for production of oils, fuels, and ole-
ochemicals, can include one or more of the following: (1)

and a BLOSUM 62 scoring matrix. (see Henikoft & Heni- 10 high lipid content as a percentage of cell weight; (2) ease of
koff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)). growth; (3) ease of genetic engineering; and (4) ease of bio-

In addition to calculating percent sequence identity, the mass processing. In particular embodiments, the wild-type or
BLAST algorithm also performs a statistical analysis of the genetically engineered microorganism yields cells that are at
similarity between two sequences (see, e.g., Karlin & Alts- 15 least 40%, at least 45%, at least 50%, at least 55%, at least
chul, Proc. Nat'l. Acad. Sci. USA 90:5873-5787 (1993)). One 60%, at least 65%, or at least 70% or more microbial oil (i.e.,
measure of similarity provided by the BLAST algorithm is lipids and fatty acids). Preferred organisms grow (and are
the smallest sum probability (P(N)), which provides an indi- grown) heterotrophically (on sugars in the substantial
cation of the probability by which a match between two absence of light). Microalgae generally are excellent
nucleotide or amino acid sequences would occur by chance. 2 microbes for use in the methods described herein. Examples

For example, a nucleic acid is considered similar to a refer-
ence sequence if the smallest sum probability in a comparison
of'the test nucleic acid to the reference nucleic acid is less than

of microalgae that can be used to practice the methods
include, but are not limited to the following algae listed in
Table 1.

TABLE 1

Examples of oleaginous microalgae.

Achnanthes orientalis, Agmenellum, Amphiprora hyaline, Amphora coffeiformis, Amphora
coffeiformis linea, Amphora coffeiformis punctata, Amphora coffeiformis taylori, Amphora
coffeiformis tenuis, Amphora delicatissima, Amphora delicatissima capitata, Amphora sp.,
Anabaena, Ankistrodesmus, Ankistrodesmus falcatus, Boekelovia hooglandii, Borodinella sp.,
Botryococcus braunii, Botryococcus sudeticus, Carteria, Chaetoceros gracilis, Chaetoceros
muelleri, Chaetoceros muelleri subsalsum, Chaetoceros sp., Chlorella anitrata, Chlorella
Antarctica, Chlorella aureoviridis, Chlovella candida, Chlovella capsulate, Chlorella
desiccate, Chlorella ellipsoidea, Chlovella emersonii, Chlorella fusca, Chlorella fusca var.

vacuolata, Chlorella glucotropha, Chlovella infusionum, Chlorella infusionum var. actophila,
Chlorella infusionum var. auxenophila, Chlorella kessleri, Chlorella lobophora (strain SAG
37.88), Chlorella luteoviridis, Chlovella luteoviridis var. aureoviridis, Chlorella luteoviridis
var. lutescens, Chlorella miniata, Chlorella minutissima, Chlorella mutabilis, Chlorella
nocturna, Chlorella parva, Chlovella photophila, Chlorella pringsheimii, Chlorella
protothecoides (including any of UTEX strains 1806, 411, 264, 256, 255, 250, 249, 31, 29,
25, and CCAP strains 211/17 and 211/8d), Chlorella protothecoides var. acidicola, Chlorella
regularis, Chlovella regularis var. minima, Chlorella vegularis var. umbricata, Chlorella
reisiglii, Chlorella saccharophila, Chlorella saccharophila var. ellipsoidea, Chlorella salina,
Chlorella simplex, Chlorella sorokiniana, Chlorella sp., Chlorella sphaerica, Chlorella
stigmatophora, Chlovella vanniellii, Chlorella vulgaris, Chlovella vulgaris, Chlorella
vulgaris f. tertia, Chlorella vulgaris var. autotrophica, Chlorella vulgaris var. viridis,
Chlorella vulgaris var. vulgaris, Chlorella vulgaris var. vulgaris f. tertia, Chlorella vulgaris
var. vulgaris f. viridis, Chlorella xanthella, Chlorella zofingiensis, Chlorella trebouxioides,
Chlorella vulgaris, Chlorococcum infusionum, Chlorococcum sp., Chlorogonium,
Chroomonas sp., Chrysosphaera sp., Cricosphaera sp., Cryptomonas sp., Cyclotella cryptica,
Cyclotella meneghiniana, Cyclotella sp., Dunaliella sp., Dunaliella bardawil, Dunaliella
bioculata, Dunaliella granulate, Dunaliella maritime, Dunaliella minuta, Dunaliella parva,
Dunaliella peircei, Dunaliella primolecta, Dunaliella salina, Dunaliella terricola, Dunaliella
tertiolecta, Dunaliella viridis, Dunaliella tertiolecta, Evemosphaera vividis, Evemosphaera
sp., Ellipsoidon sp., Euglena, Franceia sp., Fragilavia crotonensis, Fragilaria sp., Gleocapsa
sp., Gloeothamnion sp., Hymenomonas sp., Isochrysis aff. galbana, Isochrysis galbana,
Lepocinclis, Micractinium, Micractinium (UTEX LB 2614), Monoraphidium minutum,
Monoraphidium sp., Nannochloris sp., Nannochloropsis salina, Nannochloropsis sp.,
Navicula acceptata, Navicula biskanterae, Navicula pseudotenelloides, Navicula pelliculosa,
Navicula saprophila, Navicula sp., Nephrochloris sp., Nephroselmis sp., Nitschia communis,
Nitzschia alexandrina, Nitzschia communis, Nitzschia dissipata, Nitzschia frustulum,
Nitzschia hantzschiana, Nitzschia inconspicua, Nitzschia intermedia, Nitzschia microcephala,
Nitzschia pusilla, Nitzschia pusilla elliptica, Nitzschia pusilla monoensis, Nitzschia
quadrangular, Nitzschia sp., Ochromonas sp., Oocystis parva, Oocystis pusilla, Oocystis sp.,
Oscillatoria limnetica, Oscillatoria sp., Oscillatoria subbrevis, Pascheria acidophila,
Paviova sp., Phagus, Phormidium, Platymonas sp., Pleurochrysis carterae, Pleurochrysis
dentate, Pleurochrysis sp., Prototheca wickerhamii, Prototheca stagnora, Prototheca
portoricensis, Prototheca moviformis, Prototheca zopfii, Pyramimonas sp., Pyrobotrys,
Sarcinoid chrysophyte, Scenedesmus armatus, Spirogyra, Spirulina platensis, Stichococcus
sp., Synechococcus sp., Tetraedron, Tetraselmis sp., Tetraselmis suecica, Thalassiosira
weissflogii, and Viridiella frideviciana

65
about 0.1, more preferably less than about 0.01, and most
preferably less than about 0.001.

Inaddition to microalgae, oleaginous yeast can accumulate
more than 20% of their dry cell weight as lipid and so are
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useful in the methods described herein. In one embodiment of
the present invention, a microorganism producing a lipid or a
microorganism from which oil can be extracted, recovered, or
obtained, is an oleaginous yeast. Examples of oleaginous
yeast that can be used in the methods described herein
include, but are not limited to, the oleaginous yeast listed in
Table 2. Illustrative methods for the cultivation of oleaginous
yeast (Yarrowia lipolytica and Rhodotorula graminis) in
order to achieve high oil content are provided in the examples
below.

TABLE 2

20

1143-1149). Illustrative methods for cultivating Rkhodococ-
cus opacus to achieve high oil content are provided in the
examples below.

2. Bioreactor

Microrganisms are cultured both for purposes of conduct-
ing genetic manipulations and for production of microbial oil
(e.g., hydrocarbons such as lipids, fatty acids, aldehydes,
alcohols, and alkanes). The former type of culture is con-
ducted on a small scale and initially, at least, under conditions
in which the starting microorganism can grow. Culture for

Examples of oleaginous yeast.

Candida apicola, Candida sp., Cryptococcus curvatus, Cryptococcus terricolus,
Debaromyces hansenii, Endomycopsis vernalis, Geotrichum carabidavum, Geotrichum
cucujoidarum, Geotrichum histeridarum, Geotrichum silvicola, Geotrichum vulgare,
Hyphopichia burtonii, Lipomyces lipofer, Lypomyces orentalis, Lipomyces starkeyi,
Lipomyces tetrasporous, Pichia mexicana, Rodosporidium sphaerocarpum,
Rhodosporidium toruloides Rhodotorula aurantiaca, Rhodotorula daivenensis,
Rhodotorula diffiuens, Rhodotorula glutinus, Rhodotorula glutinis var. glutinis,
Rhodotorula gracilis, Rhodotorula graminis Rhodotorula minuta, Rhodotorula
mucilaginosa, Rhodotorula mucilaginosa var. mucilaginosa, Rhodotorula terpenoidalis,
Rhodotorula toruloides, Sporobolomyces alborubescens, Starmerella bombicola,
Torulaspora delbruekii, Torulaspora pretoriensis, Trichosporon behrend, Trichosporon
brassicae, Trichosporon domesticum, Trichosporon laibachii, Trichosporon loubieri,
Trichosporon loubieri var. loubieri, Trichosporon montevideense, Trichosporon
pullulans, Trichosporon sp., Wickerhamomyces Canadensis, Yarrowia lipolytica, and

Zygoascus meyerae.

In one embodiment of the present invention, a microorgan-
ism producing a lipid or a microorganism from which a lipid
can be extracted, recovered or obtained, is a fungus.
Examples of fungi that can be used in the methods described
herein include, but are not limited to, the fungi listed in Table
3.

TABLE 3

Examples of oleaginous fungi.

Mortierella, Mortierrla vinacea, Mortierella alpine, Pythium debaryanum,
Mucor circinelloides, Aspergillus ochraceus, Aspergillus terreus,
Pennicillium tilacinum, Hensenulo, Chaetomium, Cladosporium,
Malbranchea, Rhizopus, and Pythium

Thus, in one embodiment of the present invention, the
microorganism used for the production of microbial biomass
for use in the methods described herein is a fungus. Examples
of suitable fungi (e.g., Mortierella alpine, Mucor circinel-
loides, and Aspergillus ochraceus) include those that have
been shown to be amenable to genetic manipulation, as
described in the literature (see, for example, Microbiology,
July; 153(Pt. 7): 2013-25 (2007); Mol Genet Genomics, June;
271(5): 595-602 (2004); Curr Genet, March; 21(3):215-23
(1992); Current Microbiology, 30(2):83-86 (1995);
Sakuradani, NISR Research Grant, “Studies of Metabolic
Engineering of Useful Lipid-producing Microorganisms”
(2004); and PCT/IP2004/012021).

In other embodiments of the present invention, a microor-
ganism producing a lipid or a microorganism from which oil
can be extracted, recovered, or obtained is an oleaginous
bacterium. Oleaginous bacteria are bacteria that can accumu-
late more than 20% of their dry cell weight as lipid. Species of
oleaginous bacteria for use in the methods described herein,
include species of the genus Rhodococcus, such as Rhodo-
coccus opacus and Rhodococcus sp. Methods of cultivating
oleaginous bacteria, such as Rhodococcus opacus, are known
in the art (see Waltermann, et al., (2000) Microbiology, 146:
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purposes of hydrocarbon production is usually conducted on
a large scale (e.g., 10,000 L, 40,000 L, 100,000 L or larger
bioreactors) in a bioreactor. Microalgae, including Prototh-
eca species, as well as the other oleaginous microbes
described herein, are typically cultured in the methods
described herein in liquid media within a bioreactor. Typi-
cally, the bioreactor does not allow substantial amounts of
light or any amount of light to enter. In some embodiments,
the entire cultivation step(s) of the oleaginous microbe,
including microalgae, is performed under substantial absence
of light.

The bioreactor or fermentor is used to culture microalgal
cells through the various phases of their physiological cycle.
Bioreactors offer many advantages for use in heterotrophic
growth and propagation methods. Microalgae and other ole-
aginous microbes described herein are typically fermented in
large quantities in liquid, such as in suspension cultures as an
example. Bioreactors such as steel fermentors can accommo-
date very large culture volumes (40,000 liter and greater
capacity bioreactors are used in various embodiments of the
invention). Bioreactors also typically allow for the control of
culture conditions such as temperature, pH, oxygen tension,
and carbon dioxide levels. For example, bioreactors are typi-
cally configurable, for example, using ports attached to tub-
ing, to allow gaseous components, like oxygen or nitrogen, to
bebubbled through a liquid culture. Other culture parameters,
such as the pH of the culture media, the identity and concen-
tration of trace elements, and other media constituents can
also be more readily manipulated using a bioreactor.

Bioreactors can be configured to flow culture media though
the bioreactor throughout the time period during which the
microalgae reproduce and increase in number. In some
embodiments, for example, media can be infused into the
bioreactor after inoculation but before the cells reach a
desired density. In other instances, a bioreactor is filled with
culture media at the beginning of a culture, and no more
culture media is infused after the culture is inoculated. In
other words, the microalgal (or other microbial) biomass is
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cultured in an aqueous medium for a period of time during
which the microalgae reproduce and increase in number;
however, quantities of aqueous culture medium are not
flowed through the bioreactor throughout the time period.
Thus in some embodiments, aqueous culture medium is not
flowed through the bioreactor after inoculation.

Bioreactors equipped with devices such as spinning blades
and impellers, rocking mechanisms, stir bars, means for pres-
surized gas infusion can be used to subject microalgal cul-
tures to mixing. Mixing may be continuous or intermittent.
For example, in some embodiments, a turbulent flow regime
of gas entry and media entry is not maintained for reproduc-
tion of microalgae until a desired increase in number of said
microalgae has been achieved.

Bioreactor ports can be used to introduce, or extract, gases,
solids, semisolids, and liquids, into the bioreactor chamber
containing the microalgae. While many bioreactors have
more than one port (for example, one for media entry, and
another for sampling), it is not necessary that only one sub-
stance enter or leave a port. For example, a port can be used to
flow culture media into the bioreactor and later used for
sampling, gas entry, gas exit, or other purposes. Preferably, a
sampling port can be used repeatedly without altering com-
promising the axenic nature of the culture. A sampling port
can be configured with a valve or other device that allows the
flow of sample to be stopped and started or to provide a means
of continuous sampling. Bioreactors typically have at least
one port that allows inoculation of a culture, and such a port
can also be used for other purposes such as media or gas entry.

Bioreactors ports allow the gas content of the culture of
microalgae to be manipulated. To illustrate, part of the vol-
ume of a bioreactor can be gas rather than liquid, and the gas
inlets of the bioreactor to allow pumping of gases into the
bioreactor. Gases that can be beneficially pumped into a
bioreactor include air, air/CO, mixtures, noble gases, such as
argon, and other gases. Bioreactors are typically equipped to
enable the user to control the rate of entry of a gas into the
bioreactor. As noted above, increasing gas flow into a biore-
actor can be used to increase mixing of the culture.

Increased gas flow affects the turbidity of the culture as
well. Turbulence can be achieved by placing a gas entry port
below the level of the aqueous culture media so that gas
entering the bioreactor bubbles to the surface of the culture.
One or more gas exit ports allow gas to escape, thereby
preventing pressure buildup in the bioreactor. Preferably a gas
exit port leads to a “one-way” valve that prevents contami-
nating microorganisms from entering the bioreactor.

3. Media

Microalgal as well as other microbial culture media typi-
cally contains components such as a fixed nitrogen source, a
fixed carbon source, trace elements, optionally a buffer for pH
maintenance, and phosphate (typically provided as a phos-
phate salt). Other components can include salts such as
sodium chloride, particularly for seawater microalgae. Nitro-
gen sources include organic and inorganic nitrogen sources,
including, for example, without limitation, molecular nitro-
gen, nitrate, nitrate salts, ammonia (pure or in salt form, such
as, (NH,),SO, and NH,OH), protein, soybean meal, corn-
steep liquor, and yeast extract. Examples of trace elements
include zinc, boron, cobalt, copper, manganese, and molyb-
denum in, for example, the respective forms of ZnCl,,
H;BO,, CoCl,.6H,0, CuCl,.2H,0, MnCl,.4H,0 and
(NH,)s Mo,0,,.4H,0.

Microorganisms useful in accordance with the methods of
the present invention are found in various locations and envi-
ronments throughout the world. As a consequence of their
isolation from other species and their resulting evolutionary
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divergence, the particular growth medium for optimal growth
and generation of lipid and/or hydrocarbon constituents can
be difficult to predict. In some cases, certain strains of micro-
organisms may be unable to grow on a particular growth
medium because of the presence of some inhibitory compo-
nent or the absence of some essential nutritional requirement
required by the particular strain of microorganism.

Solid and liquid growth media are generally available from
a wide variety of sources, and instructions for the preparation
of'particular media that is suitable for a wide variety of strains
of microorganisms can be found, for example, online at
www.utex.org/, a site maintained by the University of Texas
at Austin, 1 University Station A6700, Austin, Tex., 78712-
0183, for its culture collection of algae (UTEX). For example,
various fresh water and salt water media include those
described in PCT Pub. No. 2008/151149, incorporated herein
by reference.

In a particular example, Proteose Medium is suitable for
axenic cultures, and a 1 L volume of the medium (pH ~6.8)
can be prepared by addition of 1 g of proteose peptone to 1
liter of Bristol Medium. Bristol medium comprises 2.94 mM
NaNO;, 0.17 mM CaCl,.2H,0, 0.3 mM MgSO0,.7H,0, 0.43
mM, 1.29 mM KH,PO,, and 1.43 mM NaCl in an aqueous
solution. For 1.5% agar medium, 15 g of agar can be added to
1 L of the solution. The solution is covered and autoclaved,
and then stored at a refrigerated temperature prior to use.
Another example is the Prototheca isolation medium (PIM),
which comprises 10 g/I. potassium hydrogen phthalate
(KHP), 0.9 g/LL sodium hydroxide, 0.1 g/I. magnesium sul-
fate, 0.2 g/L. potassium hydrogen phosphate, 0.3 g/l ammo-
nium chloride, 10 g/L. glucose 0.001 g/I. thiamine hydrochlo-
ride, 20 g/LL agar, 0.25 g/I. 5-fluorocytosine, at a pH in the
range of 5.0 to 5.2 (see Pore, 1973, App. Microbiology, 26:
648-649). Other suitable media for use with the methods
described herein can be readily identified by consulting the
URL identified above, or by consulting other organizations
that maintain cultures of microorganisms, such as SAG,
CCAP, or CCALA. SAG refers to the Culture Collection of
Algae at the University of Géttingen (Gottingen, Germany),
CCARP refers to the culture collection of algae and protozoa
managed by the Scottish Association for Marine Science
(Scotland, United Kingdom), and CCALA refers to the cul-
ture collection of algal laboratory at the Institute of Botany
(Trebon, Czech Republic). Additionally, U.S. Pat. No. 5,900,
370 describes media formulations and conditions suitable for
heterotrophic fermentation of Prototheca species.

For cost-efficient production, selection of a fixed carbon
source is important, as the cost of the fixed carbon source
must be sufficiently low to make oil production economical.
Suitable carbon sources include, for example, acetate, flori-
doside, fructose, galactose, glucuronic acid, glucose, glyc-
erol, lactose, mannose, N-acetylglucosamine, rhamnose,
raffinose, stachyose, sucrose, and/or xylose. Suitable feed-
stocks useful in accordance with the methods described
herein include, for example, black liquor, corn starch, depo-
lymerized cellulosic material, milk whey, invert sugar (glu-
cose/fructose), molasses, potato, sorghum, sucrose, sugar
beet, sugar cane, thick cane juice, rice, and wheat. Carbon
sources can also be provided as a mixture, such as a mixture
of sucrose and depolymerized sugar beet pulp.

The one or more carbon source(s) can be supplied at a
concentration of at least about 50 uM, at least about 100 uM,
at least about 500 mM, at least about 5 mM, at least about 50
mM, and at least about 500 mM, of one or more exogenously
provided fixed carbon source(s). Highly concentrated carbon
sources as feedstock for fermentation are preferred, and in
various embodiments, the carbon source is provided in a
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feedstock at a concentration approaching its maximum solu-
bility (i.e., at a concentration exceeding 90% solubility, such
as a concentration of 95% or higher, i.e., 99% solubility).

For example, in some embodiments glucose levels of at
least 300 g/L, at least 400 g/L, at least 500 g/L, or at least 600
g/, or more are used in the feedstock in a fed batch cultiva-
tion, in which the highly concentrated fixed carbon source is
fed to the cells over time as the cells grow and accumulate
microbial oil (lipid). In other embodiments, sucrose levels of
at least 500 g/L, at least 600 g/L, at least 700 g/L, at least 800
g/, or more are used in the feedstock in a fed batch cultiva-
tion. Non-limiting examples of highly concentrated sucrose
carbon sources include thick cane juice, sugar cane juice,
sugar beet juice and molasses. Carbon sources of particular
interest for purposes of the methods described herein include
cellulose (in a depolymerized form), glycerol, sucrose, and
sorghum, each of which is discussed in more detail below.

In accordance with the methods described herein, micro-
organisms can be cultured using depolymerized cellulosic
biomass as a feedstock. Cellulosic biomass (e.g., stover, such
as corn stover) is inexpensive and readily available; however,
attempts to use this material as a feedstock for yeast have
failed. In particular, such feedstocks have been found to be
inhibitory to yeast growth, and yeast cannot use the 5-carbon
sugars produced from cellulosic materials (e.g., xylose from
hemi-cellulose). By contrast, microalgae can grow on pro-
cessed cellulosic material. Cellulosic materials generally
include about 40-60% cellulose; about 20-40% hemicellu-
lose; and 10-30% lignin.

Suitable cellulosic materials include residues from herba-
ceous and woody energy crops, as well as agricultural crops,
i.e., the plant parts, primarily stalks and leaves, not removed
from the fields with the primary food or fiber product.
Examples include agricultural wastes such as sugarcane
bagasse, rice hulls, corn fiber (including stalks, leaves, husks,
and cobs), soybean meal, wheat straw, rice straw, sugar beet
pulp, citrus pulp, citrus peels; forestry wastes such as hard-
wood and softwood thinnings, and hardwood and softwood
residues from timber operations; wood wastes such as saw
mill wastes (wood chips, sawdust) and pulp mill waste; urban
wastes such as paper fractions of municipal solid waste, urban
wood waste and urban green waste such as municipal grass
clippings; and wood construction waste. Additional cellulo-
sics include dedicated cellulosic crops such as switchgrass,
hybrid poplar wood, and miscanthus, fiber cane, and fiber
sorghum. Five-carbon sugars that are produced from such
materials include xylose.

Cellulosic materials are treated to increase the efficiency
with which the microbe can utilize the sugar(s) contained
within the materials. The methods described herein can be
practiced to take advantage of new methods for the treatment
of cellulosic materials after acid explosion so that the mate-
rials are suitable for use in a heterotrophic culture of microbes
(e.g., microalgae and oleaginous yeast). As discussed above,
lignocellulosic biomass is comprised of various fractions,
including cellulose, a crystalline polymer of beta 1,4 linked
glucose (a six-carbon sugar), hemicellulose, a more loosely
associated polymer predominantly comprised of xylose (a
five-carbon sugar) and to a lesser extent mannose, galactose,
arabinose, lignin, a complex aromatic polymer comprised of
sinapyl alcohol and its derivatives, and pectins, which are
linear chains of an alpha 1,4 linked polygalacturonic acid.
Because of the polymeric structure of cellulose and hemicel-
Iulose, the sugars (e.g., monomeric glucose and xylose) in
them are not in a form that can be efficiently used (metabo-
lized) by many microbes. For such microbes, further process-
ing of the cellulosic biomass to generate the monomeric sug-
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ars that make up the polymers can be very helpful to ensuring
that the cellulosic materials are efficiently utilized as a feed-
stock (carbon source).

Celluose or cellulosic biomass is subjected to a process,
termed “explosion”, in which the biomass is treated with
dilute sulfuric (or other) acid at elevated temperature and
pressure. This process conditions the biomass such that it can
be efficiently subjected to enzymatic hydrolysis of the cellu-
losic and hemicellulosic fractions into glucose and xylose
monomers. The resulting monomeric sugars are termed cel-
Iulosic sugars. Cellulosic sugars can subsequently be utilized
by microorganisms to produce a variety of metabolites (e.g.,
lipid). The acid explosion step results in a partial hydrolysis of
the hemicellulose fraction to constitutent monosaccharides.
These sugars can be completely liberated from the biomass
with further treatment. In some embodiments, the further
treatment is a hydrothermal treatment that includes washing
the exploded material with hot water, which removes con-
taminants such as salts. This step is not necessary for cellu-
losic ethanol fermentations due to the more dilute sugar con-
centrations used in such processes. In other embodiments, the
further treatment is additional acid treatment. In still other
embodiments, the further treatment is enzymatic hydrolysis
of'the exploded material. These treatments can also be used in
any combination. The type of treatment can affect the type of
sugars liberated (e.g., five carbon sugars versus six carbon
sugars) and the stage at which they are liberated in the pro-
cess. As a consequence, different streams of sugars, whether
they are predominantly five-carbon or six-carbon, can be
created. These enriched five-carbon or six-carbon streams
can thus be directed to specific microorganisms with different
carbon utilization capabilities.

The methods described herein typically involve fermenta-
tion to higher cell densities than what is achieved in ethanol
fermentation. Because of the higher densities of the cultures
for heterotrophic lipid production, the fixed carbon source
(e.g., the cellulosic derived sugar stream(s)) is preferably ina
concentrated form. The glucose level of the depolymerized
cellulosic material is preferably at least 300 g/liter, at least
400 g/liter, at least 500 g/liter or at least 600 g/liter prior to the
cultivation step, which is optionally a fed batch cultivation in
which the material is fed to the cells over time as the cells
grow and accumulate lipid. Cellulosic sugar streams are not
used at or near this concentration range in the production of
cellulosic ethanol. Thus, in order to generate and sustain the
very high cell densities during the production of lignocellu-
losic oil, the carbon feedstock(s) must be delivered into the
heterotrophic cultures in a highly concentrated form. How-
ever, any component in the feedstream that is not a substrate
for, and is not metabolized by, the oleaginous microorganism
will accumulate in the bioreactor, which can lead to problems
if the component is toxic or inhibitory to production of the
desired end product. While lignin and lignin-derived by-prod-
ucts, carbohydrate-derived byproducts such as furfurals and
hydroxymethyl furfurals, and salts derived from the genera-
tion of the cellulosic materials (both in the explosion process
and the subsequent neutralization process), and even non-
metabolized pentose/hexose sugars can present problems in
ethanolic fermentations, these effects are amplified signifi-
cantly in a process in which their concentration in the initial
feedstock is high. To achieve sugar concentrations from cel-
Iulosic materials of 300 g/L, 400 g/L, 500 g/L, or higher for
six-carbon sugars that may be used in large scale production
applications of the present invention, the concentration of
these toxic materials can be 20 times higher than the concen-
trations typically present in ethanolic fermentations of cellu-
losic biomass.
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The explosion process treatment of the cellulosic material
utilizes significant amounts of sulfuric acid, heat and pres-
sure, thereby liberating by-products of carbohydrates,
namely furfurals and hydroxymethyl furfurals. Furfurals and
hydroxymethyl furfurals are produced during hydrolysis of
hemicellulose through dehydration of xylose into furfural and
water. In some embodiments of the present invention, these
by-products (e.g., furfurals and hydroxymethyl furfurals) are
removed from the saccharified lignocellulosic material prior
to introduction into the bioreactor. In certain embodiments of
the present invention, the process for removal of the by-
products of carbohydrates is hydrothermal treatment of the
exploded cellulosic materials. In addition, in particular
embodiments, the present invention provides methods in
which strains capable of tolerating compounds such as fur-
furals or hydroxymethyl furfurals are used for production. In
another embodiment, the present invention also provides
methods for using microorganisms that are not only capable
of'tolerating furfurals in the fermentation media, but are actu-
ally able to metabolize these by-products during fermenta-
tion.

The explosion process also generates significant levels of
salts. For example, typical conditions for explosion can result
in conductivites in excess of 5 mS/cm when the exploded
cellulosic biomass is resuspended at a ratio of 10:1 water:
solids (dry weight). In certain embodiments of the present
invention, the diluted exploded biomass is subjected to enzy-
matic saccharification, and the resulting supernatant is con-
centrated up to 25 fold for use in the bioreactor. The salt level
(as measured by conductivity) in the concentrated sugar
stream(s) can be unacceptably high (up to 1.5 M Na* equiva-
lents). Additional salts are generated upon neutralization of
the exploded materials for the subsequent enzymatic saccha-
rification process as well. In accordance with the methods
described herein, these salts can be removed so that the result-
ing concentrated cellulosic sugar stream(s) can be used in
heterotrophic processes for producing lipid. In some embodi-
ments, the method of removing these salts is deionization
with resins, such as, but not limited to, DOWEX Marathon
MR3. In certain embodiments, the deionization with resin
step occurs before sugar concentration or pH adjustment and
hydrothermal treatment of biomass prior to saccharification,
or any combination of the preceding; in other embodiments,
the step is conducted after one or more of these processes. In
other embodiments, the explosion process itself is changed so
as to avoid the generation of salts at unacceptably high levels.
For example, a suitable alternative to sulfuric acid (or other
acid) explosion of the cellulosic biomass is mechanical pulp-
ing to render the cellulosic biomass receptive to enzymatic
hydrolysis (saccharification). In still other embodiments,
native strains of microorganisms resistant to high levels of
salts or genetically engineered strains with resistance to high
levels of salts are used.

A preferred embodiment for the process of preparing of
exploded cellulosic biomass for use in heterotrophic micro-
bial oil production using oleaginous microbes is conducted as
follows. A first step comprises adjusting the pH of the resus-
pended exploded cellulosic biomass to the range of 5.0-5.3
followed by washing the cellulosic biomass three times. This
washing step can be accomplished by a variety of means
including the use of desalting and ion exchange resins,
reverse osmosis, hydrothermal treatment (as described
above), or just repeated re-suspension and centrifugation in
deionized water. This wash step results in a cellulosic stream
whose conductivity is between 100-300 pS/cm and the
removal of significant amounts of furfurals and hydroxym-
ethyl furfurals. Decants from this wash step can be saved to
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concentrate five-carbon sugars liberated from the hemicellu-
lose fraction. A second step comprises enzymatic saccharifi-
cation of the washed cellulosic biomass. In one embodiment,
Accellerase (Genencor) is used. A third step comprises the
recovery of sugars via centrifugation or decanting and rinsing
of'the saccharified biomass. The resulting biomass (solids) is
an energy dense, lignin rich component that can be used as
fuel or sent to waste. The recovered sugar stream in the
centrifugation/decanting and rinse process is collected. A
fourth step comprises microfiltration to remove contaminat-
ing solids with recovery of the permeate. A fifth step com-
prises a concentration step which can be accomplished using
a vacuum evaporator. This step can optionally include the
addition of antifoam agents such as P’2000 (Sigma/Fluka),
which is sometimes necessary due to the protein content of
the resulting sugar feedstock.

In another embodiment of the methods of the invention, the
carbon source is glycerol, including acidulated and non-
acidulated glycerol byproduct from biodiesel transesterifica-
tion. In one embodiment, the carbon source includes glycerol
and at least one other carbon source. In some cases, all of the
glycerol and the at least one other fixed carbon source are
provided to the microorganism at the beginning of the fer-
mentation. In some cases, the glycerol and the at least one
other fixed carbon source are provided to the microorganism
simultaneously at a predetermined ratio. In some cases, the
glycerol and the at least one other fixed carbon source are fed
to the microbes at a predetermined rate over the course of
fermentation.

Some microalgae undergo cell division faster in the pres-
ence of glycerol than in the presence of glucose (see PCT Pub.
No. 2008/151149). In these instances, two-stage growth pro-
cesses, in which cells are first fed glycerol to increase cell
density rapidly, and are then fed glucose to accumulate micro-
bial oil (lipids), can improve the efficiency with which the oil
is produced. The use of the glycerol byproduct of the trans-
esterification process provides significant economic advan-
tages when put back into a production process for microbial
oil. Other feeding methods are provided as well, such as those
employing mixtures of glycerol and glucose as the fixed
carbon source. Feeding such mixtures also captures similar
economic benefits. In addition, in certain embodiments, the
invention provides methods of feeding alternative sugars to
microalgae such as sucrose in various combinations with
glycerol.

In another embodiment of the methods of the invention, the
carbon source is invert sugar. Invert sugar is produced by
splitting the sucrose into its monosaccharide components,
fructose and glucose. Production of invert sugar can be
achieved through several methods that are known in the art.
One such method is heating an aqueous solution of sucrose.
Often, catalysts are employed to accelerate the conversion of
sucrose into invert sugar. These catalysts can be biological;
for example, enzymes such as invertases and sucrases can be
added to the sucrose to accelerate the hydrolysis reaction to
produce invert sugar. Acid is an example of a non-biological
catalyst that, when paired with heat, can accelerate the
hydrolysis reaction. Once the invert sugar is made, it is less
prone to crystallization compared to sucrose and thus pro-
vides advantages for storage and fed batch fermentations,
where, in the case of heterotrophic cultivation of microbes,
including microalgae, there is a need for a concentrated car-
bon source. In one embodiment, the carbon source is invert
sugar, preferably in a concentrated form (at least 90% of its
maximum solubility in the conditions used, as described
above), i.e., at least 800 g/liter, at least 900 g/liter, at least
1000 g/liter or at least 1100 g/liter. The invert sugar, prefer-
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ably in a concentrated form, is fed to the cells over time as the
cells grow and accumulate lipid.

In another embodiment of the methods of the invention, the
carbon source is sucrose, including a complex feedstock con-
taining sucrose, such as thick cane juice from sugar cane
processing. As noted above, because of the higher densities of
the cultures for heterotrophic oil production, the fixed carbon
source (e.g., sucrose, glucose, etc.) is in a concentrated form,
i.e., at least 500 g/liter, at least 600 g/liter, at least 700 g/liter
or at least 800 g/liter of the fixed carbon source prior to the
cultivation step, which is optionally a fed batch cultivation in
which the material is fed to the cells over time as the cells
grow and accumulate lipid. In some cases, the carbon source
is sucrose in the form of thick cane juice, typically in a
concentrated form, i.e., at least 60% solids or about 770 g/liter
sugar, at least 70% solids or about 925 g/liter sugar, or at least
80% solids or about 1125 g/liter sugar prior to the cultivation
step, which is optionally a fed batch cultivation. The concen-
trated thick cane juice is fed to the cells over time as the cells
grow and accumulate lipid.

In one embodiment, the culture medium further includes at
least one sucrose utilization enzyme. In some cases, the cul-
ture medium includes a sucrose invertase. In one embodi-
ment, the sucrose invertase enzyme is a secrectable sucrose
invertase enzyme encoded by an exogenous sucrose invertase
gene expressed by the population of microorganisms. Thus,
in some cases, as described in more detail in Section 1V,
below, the microbe used in the methods described herein has
been genetically engineered to express a sucrose utilization
enzyme, such as a sucrose transporter, a sucrose invertase, a
hexokinase, a glucokinase, or a fructokinase.

Complex feedstocks containing sucrose include waste
molasses from sugar cane processing; the use of this low-
value waste product of sugar cane processing can provide
significant cost savings in the production of hydrocarbons
and other oils. Another complex feedstock containing sucrose
that is useful in the methods described herein is sorghum,
including sorghum syrup and pure sorghum. Sorghum syrup
is produced from the juice of sweet sorghum cane. Its sugar
profile consists of mainly glucose (dextrose), fructose and
sucrose.

4. Oil Production

For the production of oil (lipid) in accordance with the
methods described herein, it is preferable to culture cells in
the dark, as is the case, for example, when using extremely
large (40,000 liter and higher) fermentors that do not allow
light to strike the culture. For example, Prototheca and other
microalgae species can be grown and propagated for the
production of oil in a medium containing a fixed carbon
source and in the absence of light; such growth is known as
heterotrophic growth.

As an example, an inoculum of lipid-producing microalgal
cells is introduced into the medium; there is a lag period (lag
phase) before the cells begin to propagate. Following the lag
period, the propagation rate increases steadily and enters the
log, or exponential, phase. The exponential phase is in turn
followed by a slowing of propagation due to decreases in
nutrients such as nitrogen, increases in toxic substances, and
quorum sensing mechanisms. After this slowing, propagation
stops, and the cells enter a stationary phase or steady growth
state, depending on the particular environment provided to
the cells. For obtaining lipid rich biomass, the culture is
typically harvested well after the end of the exponential
phase, which may be terminated early by allowing nitrogen or
another key nutrient (other than carbon) to become depleted,
forcing the cells to convert the carbon sources, present in
excess, to lipid. Culture condition parameters can be manipu-
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lated to optimize total oil production, the combination of fatty
acids in the oil produced, and/or production of a specific fatty
acid and corresponding lipid(s).

Preferably, microorganisms grown using conditions
described herein and others known in the art comprise at least
about 20% by weight of lipid, preferably at least about 40%
by weight, more preferably at least about 50% by weight, and
most preferably at least about 60% by weight. Process con-
ditions can be adjusted to increase the yield of lipids suitable
for a particular use and/or to reduce production cost. For
example, in certain embodiments, a microalgae or other ole-
aginous microbe is cultured in the presence of a limiting
concentration of one or more nutrients, such as, for example,
nitrogen, phosphorous, or sulfur, while providing an excess of
fixed carbon energy such as glucose. Nitrogen limitation
tends to increase microbial lipid yield over microbial lipid
yield in a culture in which nitrogen is provided in excess. In
particular embodiments, the increase in lipid yield is at least
about: 10%, 50%, 100%, 200%, or 500%. The microbe can be
cultured in the presence of a limiting amount of a nutrient for
aportion of the total culture period or for the entire period. In
particular embodiments, the nutrient concentration is cycled
between a limiting concentration and a non-limiting concen-
tration at least twice during the total culture period. Lipid
content of cells can be increased by continuing the culture for
increased periods of time while providing an excess of car-
bon, but limiting or no nitrogen.

In another embodiment, lipid yield is increased by cultur-
ing a lipid-producing microbe (e.g., microalgae) in the pres-
ence of one or more cofactor(s) for a lipid pathway enzyme
(e.g., a fatty acid synthetic enzyme). Generally, the concen-
tration of the cofactor(s) is sufficient to increase microbial oil
(e.g., lipids and fatty acids) yield over microbial oil yield in
the absence of the cofactor(s). In a particular embodiment, the
cofactor(s) are provided to the culture by including in the
culture a microbe (e.g., microalgae) containing an exogenous
gene encoding the cofactor(s). Alternatively, cofactor(s) may
be provided to a culture by including a microbe (e.g., microal-
gae) containing an exogenous gene that encodes a protein that
participates in the synthesis of the cofactor. In certain
embodiments, suitable cofactors include a vitamin required
by a lipid pathway enzyme, such as, for example: biotin and
pantothenate. Genes encoding cofactors suitable foruse inthe
methods described herein or that participate in the synthesis
of such cofactors are well known and can be introduced into
microbes (e.g., microalgae or other oleaginous microbe
described herein), using constructs and techniques such as
those described above.

The specific examples of bioreactors, culture conditions,
and heterotrophic growth and propagation methods described
herein can be combined in any suitable manner to improve
efficiencies of microbial growth and lipid and/or protein pro-
duction.

Microalgal biomass with a high percentage of oil/lipid
accumulation by dry weight has been generated (see PCT
Pub. No. 2008/151149). Microalgal biomass generated by the
culture methods described herein and useful in accordance
with the methods described herein comprises at least 10%
microalgal oil by dry weight. In some embodiments, the
microalgal biomass comprises at least 25%, at least 50%, at
least 55%, or at least 60% microalgal oil by dry weight. In
some embodiments, the microalgal biomass contains from
10-90% microalgal oil, from 25-75% microalgal oil, from
40-75% microalgal oil, or from 50-70% microalgal oil by dry
weight.

The microalgal oil of the biomass described herein, or
extracted from the biomass for use in the methods and com-
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positions described herein can comprise glycerolipids with
one or more distinct fatty acid ester side chains. Glycerolipids
are comprised of a glycerol molecule esterified to one, two or
three fatty acid molecules, which can be of varying lengths
and have varying degrees of saturation. The length and satu-
ration characteristics of the fatty acid molecules (and the
microalgal oils containing them) can be manipulated to
modify the properties or proportions of the fatty acid mol-
ecules in the microalgal oils described herein via culture
conditions or via lipid pathway engineering, as described in
more detail in Section V, below. Thus, specific blends of algal
(or other microbial) oil can be prepared either within a single
species of algae or by mixing together the biomass or algal oil
from two or more species of microalgae, or by blending algal
oil described herein with oils from other sources such as soy,
rapeseed, canola, palm, palm kernel, coconut, corn, waste
vegetable, Chinese tallow, olive, sunflower, cottonseed,
chicken fat, beeftallow, porcine tallow, microalgae, macroal-
gae, microbes, Cuphea, flax, peanut, choice white grease,
lard, Camellina sativa, mustard seed, cashew nut, oats,
lupine, kenaf, calendula, help, coffee, linseed (flax), hazel-
nut, euphorbia, pumpkin seed, coriander, camellia, sesame,
safflower, rice, tung tree, cocoa, copra, opium poppy, castor
beans, pecan, jojoba, macadamia, Brazil nuts, avocado,
petroleum, or a distillate fraction of any of the preceding oils.

Asnoted above, the oil composition, i.e., the properties and
proportions of the fatty acid constituents of the glycerolipids,
can also be manipulated by combining biomass or oil from at
least two distinct species of microalgae. In some embodi-
ments, at least two of the distinct species of microalgae have
different glycerolipid profiles. The distinct species of
microalgae can be cultured together or separately as
described herein, preferably under heterotrophic conditions,
to generate the respective oils. Different species of microal-
gae can contain different percentages of distinct fatty acid
constituents in the cell’s glycerolipids.

Generally, Prototheca strains have lipid profiles with C16
and C18 fatty acids as the predominant species. Such longer
chain length fatty acids, especially the monosaturated C16
and C18 fatty acids (i.e., C16:1 and C18:1) are generally
preferred for production of dielectric fluids (see, for example,
U.S. Pat. No. 6,274,067). For example, Prototheca morifor-
mis (UTEX 1435), Prototheca stagnora (UTEX 327), and
Prototheca moriformis (UTEX 1441) contain between 12%
and 30% C16 fatty acids and between 50% and 58% C18:1
fatty acids. Chlorella protothecoides (UTEX 250) contains
about 73% C18:1 fatty acids, and other Chlorella prototh-
ecoides strains, including, but not limited to, UTEX 25,
UTEX 249, UTEX 256, UTEX 264, UTEX 411, CCAP 211/
17, CCAP 221/8D and SAG 221 10d, can contain between
7% and 18% C 16 fatty acids and between 55% and 75%
C18:1 fatty acids. In various embodiments, microbial oil
(lipid) useful in products described herein (such as dielectric
fluids) is at least about 50% C18:1, e.g., at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at
least about 75%, at least about 80%, at least about 85%, and
at least about 90% C18:1. In these or other embodiments, the
microbial oil (lipid) is less than about 10% C18:2, e.g., less
than about 7.5%, less than about 5%, less than about 2.5%,
and less than about 1% C18:2. The microbial oil can have any
combination of percentages of C18:1 and C18:2 that adds up
to 100% or less. For example the microbial oil can have at
least 50% C18:1 and less than 10% C18:2 or at least 80%
C18:1 and less than 5% C18:2.

Microalgal (or other microbial) oil (lipid) can also include
other constituents produced by the microalgae, or incorpo-
rated into the microalgal oil from the culture medium. These

10

15

20

25

30

35

40

45

50

55

60

65

30

other constituents can be present in varying amount depend-
ing on the culture conditions, the species, the extraction
method used to recover oil from the biomass and other factors
that may affect oil composition. Non-limiting examples of
such constituents include carotenoids, present at less than 0.4
micrograms/ml; lycopene, present at less than 0.001 micro-
grams/ml; beta carotene, present at less than 0.02 micro-
grams/ml; chlorophyll, present at less than 0.02 milligrams
per kilogram of oil; gamma tocopherol, present from 0.40 to
0.60 milligrams per 100 grams of oil; campesterol, present
from 3 to 9 milligrams per 100 grams of oil; and tocotrienols,
present at less than 0.5 milligrams per gram of oil.

The other constituents can include, without limitation,
phospholipids, tocopherols, tocotrienols, carotenoids (e.g.,
alpha-carotene, beta-carotene, lycopene, etc.), xanthophylls
(e.g., lutein, zeaxanthin, alpha-cryptoxanthin and beta-cry-
toxanthin), and various organic or inorganic compounds. In
some cases, the oil extracted from Prototheca species com-
prises between 0.003 to 0.039 micrograms lutein/gram of oil,
less than 0.003 micrograms lycopene/gram of oil; and less
than 0.003 micrograms beta carotene/gram of oil.

5. Oleaginous Yeast Strains and Culture Conditions

The present invention provides methods for producing oils/
lipids from oleaginous yeast biomass. The invention arose, in
part, from discoveries that yeast biomass can be prepared
with a high oil content and the extracted oil can be converted
into a variety of useful products, including dielectric fluids
and other lubricants. Yeast oil, which can comprise a mixture
of'saturated and mid to longer chain fatty acids (e.g., C16 and
C18 fatty acids), provides excellent starting material for the
preparation of chemicals including dielectric fluids.

A variety of species of yeast that produce suitable oils
and/or lipids can be used in accordance with the methods
described herein, although yeast that naturally produces high
levels of suitable oils or lipids are preferred.

In particular embodiments, the oleaginous yeast comprise
cells that are at least 20% or more triglyceride oil by dry
weight. In other embodiments, the oleaginous yeast contains
at least 25-35% or more triglyceride oil by dry weight. Gen-
erally, in these embodiments, the more oil contained in the
oleaginous yeast, the more oil that can be extracted from the
biomass, so the oleaginous yeast can be cultured to contain at
least 40%, at least 50%, or at least 60% or more triglyceride
oil by dry weight are typically preferred. Not all types of
lipids are desirable for use in chemicals, such as dielectric
fluids, as they may have an undesirable chain length, satura-
tion levels, or associated with undesirable contaminants.
These considerations also influence the selection of oleagi-
nous yeast (or any other microbe) for use in the methods
described herein.

Suitable species of oleaginous yeast for use in the methods
described herein include, but are not limited to Candida api-
cola, Candida sp., Cryptococcus curvatus, Cryptococcus ter-
ricolus, Debaromyces hansenii, Endomycopsis vernalis,
Geotrichum carabidarum, Geotrichum cucujoidarum, Geot-
richum histeridarum, Geotrichum silvicola, Geotrichum vul-
gare, Hyphopichia burtonii, Lipomyces lipofer, Lypomyces
orentalis, Lipomyces starkeyi, Lipomyces tetrasporous,
Pichia mexicana, Rodosporidium sphaerocarpum, Rho-
dosporidium toruloides Rhodotorula aurantiaca, Rhodot-
orula daivenensis, Rhodotorula diffluens, Rhodotorula gluti-
nus, Rhodotorula glutinis var. glutinis, Rhodotorula gracilis,
Rhodotorula graminis Rhodotorula minuta, Rhodotorula
mucilaginosa, Rhodotorula mucilaginosa var. mucilaginosa,
Rhodotorula  terpenoidalis,  Rhodotorula  toruloides,
Sporobolomyces alborubescens, Starmerella bombicola,
Torulaspora delbruekii, Torulaspora pretoriensis, Trichos-
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poron  behrend, Trichosporon brassicae, Trichosporon
domesticum, Trichosporon laibachii, Trichosporon loubieri,
Trichosporon loubieri var. loubieri, Trichosporon montev-
ideense, Trichosporon pullulans, Trichosporon sp., Wicker-
hamomyces Canadensis, Yarrowia lipolytica, and Zygoascus
meyerae.

Species of oleaginous yeast for use in the methods
described herein can be identified by comparison of certain
target regions of their genome with those same regions of
species identified herein; preferred species are those that
exhibit identity or at least a very high level of homology with
the species identified herein and produce similar amounts,
and similar types of, lipid as the strains specifically described
herein. For examples, identification of a specific oleaginous
yeast species or strain can be achieved through amplification
and sequencing of genomic DNA using primers and method-
ology using appropriate regions of the genome, for example
using the methods described in Kurtzman and Robnett,
Antonie van Leeuwenhoek 73(4): 331-371 (1998), Identifica-
tion and phylogeny of ascomycetous yeasts from analysis of
nuclear large subunit (26S) ribosomal DNA partial
sequences. Well established methods of phylogenetic analy-
sis, such as amplification and sequencing of nuclear 18S and
268 and internal transcribed spacer (ITS) regions of riboso-
mal RNA genes and other conserved regions can be used by
those skilled in the art to identify species of oleaginous yeasts
suitable for use in the methods disclosed herein.

Thus, genomic DNA comparison can be used to identify
suitable species of oleaginous yeast to be used in the methods
described herein. Regions of conserved genomic DNA, such
as, but not limited to conserved genomic sequences between
3' regions of fungal 18S and 5' regions of fungal 26S rRNA
genes can be amplified from yeast species that may be, for
example, taxonomically related to the preferred oleaginous
yeasts used in the methods described herein and compared to
the corresponding regions of those preferred species. Species
that exhibit a high level of similarity are then selected for use
in the methods described herein. Example 6 describes
genomic sequencing of conserved 3' regions of fungal 18S
and 5' regions of fungal 26S rRNA for 48 strains of oleaginous
yeast strains. Sequence comparison to determine percent
nucleotide or amino acid identity can be performed using the
same methods disclosed above for microalgae/microorgan-
isms.

Oleaginous yeast are cultured in liquid media to propagate
biomass in accordance with the methods described herein. In
the methods described herein, oleaginous yeast species are
grown in a medium containing a fixed carbon source and/or
fixed nitrogen source in the absence of light (heterotrophic
growth). Heterotrophic growth of oleaginous yeast usually
occurs in an aerobic environment. For example, heterotrophic
growth for extended periods of time such as 10 to 15 or more
days under limited nitrogen conditions can result in accumu-
lation of light lipid/oil content in cells.

Oleaginous yeast culture media typically contains compo-
nents such as a fixed carbon source (discussed below), a fixed
nitrogen source (such as protein, soybean meal, yeast extract,
cornsteep liquor, ammonia (pure or in salt form), nitrate, or
nitrate salt), trace elements, optionally a buffer for pH main-
tenance, and phosphate (a source of phosphorous; other phos-
phate salts can be used).

In a particular example, a medium suitable for culturing
oleaginous yeast strains is YPD medium. This medium is
suitable for axenic cultures, and a 1 L volume of the medium
(pH ~6.8) can be prepared by addition of 10 g bacto-yeast, 20
g bacto-peptone and 40 g glucose into distilled water. For
1.5% agar medium, 15 g of agar can be added to 1 L of the
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solution. The solution is covered and autoclaved, and then
stored at a refrigerated temperature prior to use. Other meth-
ods for the growth and propagation of oleaginous yeast strains
to generate high lipid levels as a percentage of dry weight
have been described (see for example Li et al., Enzyme and
Microbial Technology (2007) 41:312-317 (demonstrating the
culturing Rhodosporidium toruloides to 67.5% w/w lipid
using fed batch fermentation)). High lipid/oil content in ole-
aginous yeast can typically be generated by increasing the
length of fermentation while providing an excess of carbon
source under nitrogen limitation.

Solid and liquid growth media are generally available from
a wide variety of sources, and instructions for the preparation
of'particular media that is suitable for a wide variety of strains
of oleaginous yeast can be found, for example, online at
www.dsmz.de/microorganisms/medium/pdf/
DSMZ_Medium186.pdf

Other suitable media for use with the methods described
herein can be readily identified by consulting the URL iden-
tified above, or by consulting other organizations that main-
tain cultures of oleaginous yeast such as Fungal Culture Col-
lections of The World Austrian Center of Biological
Resources and Applied Mycology (www.biotec.boku.ac.at/
acbr.html); The Biomedical Fungi and Yeasts Collection (bc-
cm.belspo.be/about/ihem.php); Czech Collection of Micro-
organisms (sci.muni.cz/ccnm/index.html); Institut Pasteur
(www.pasteur.fr/ip/easysite/go/03b-000011-08h/); German
Collection of Microorganisms and Cell Cultures (ww-
w.dsmz.de/);  Mychoteca  Univesitatis  Taurinenesis
(web086.unito.it/cgi-bin/bioveg/documenti.pl/
Show?_id=b522); Riken Bioresource Center Japan Collec-
tion of Microorganisms (www.jcm.riken.jp/JCM/an-
nounce.shtml); The National Collection of Yeast Cultures
(www.ncyc.co.uk/); ATCC (www.atcc.org/); Phaff Yeast Cul-
ture Collection (www.phaffcollection.org/).

Oleaginous yeast useful in accordance with the methods
described herein are found in various locations and environ-
ments throughout the world. As a consequence of their isola-
tion from other species and their resulting evolutionary diver-
gence, the particular growth medium for optimal growth and
generation of oil and/or lipid and/or protein from any particu-
lar species of microbe can be difficult or impossible to predict,
but those of skill in the art can readily find appropriate media
by routine testing in view of the disclosure herein. In some
cases, certain strains of microorganisms may be unable to
grow on a particular growth medium because of the presence
of' some inhibitory component or the absence of some essen-
tial nutritional requirement required by the particular strain of
microorganism. The examples below provide exemplary
methods of culturing various species of oleaginous yeast to
accumulate high levels of lipid as a percentage of dry cell
weight.

The fixed carbon source is a key component of the medium.
Suitable fixed carbon sources for purposes of the methods
described herein, include for example, glucose, fructose,
sucrose, lactose, galactose, xylose, mannose, rhamnose, ara-
binose, N-acetylglucosamine, glycerol, glucuronic acid,
raffinose, stachyose, and/or acetate. Subsection 3 (Media)
above contains a more detailed discussion regarding suitable
carbon sources.

Process conditions can be adjusted to increase the percent-
age weight of cells that is lipid (oil). For example, in certain
embodiments, oleaginous yeast is cultured in the presence of
a limiting concentration of one or more nutrients, such as, for
example, nitrogen, phosphate, and certain metallic ions,
while providing an excess of a fixed carbon source, such as
glucose. Nitrogen limitation tends to increase microbial lipid
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yield over microbial lipid yield in a culture in which nitrogen
is provided in excess. In particular embodiments, the increase
in lipid yield is at least about 10%, 50%, 100%, 200%, or
500%. The microbe can be cultured in the presence of a
limiting amount of a nutrient for a portion of the total culture
period or for the entire period. In some embodiments, the
nutrient concentration is cycled between a limiting concen-
tration and a non-limiting concentration at least twice during
the total culture period.

In a steady growth state, the cells accumulate oil (lipid) but
do not undergo cell division. In one embodiment of the inven-
tion, the growth state is maintained by continuing to provide
all components of the original growth media to the cells with
the exception of a fixed nitrogen source. Cultivating oleagi-
nous yeast by feeding all nutrients originally provided to the
cells except a fixed nitrogen source, such as through feeding
the cells for an extended period of time, results in a higher
percentage of lipid by dry cell weight.

In other embodiments, high lipid biomass is generated by
feeding a fixed carbon source to the cells after all fixed nitro-
gen has been consumed for extended periods of time, such as
at least one or two weeks. In some embodiments, cells are
allowed to accumulate oil in the presence of a fixed carbon
source and in the absence of a fixed nitrogen source for over
10, over 15, or over 20 days. Oleaginous yeast grown using
conditions described herein or otherwise known in the art can
comprise at least about 20% lipid by dry weight, and often
comprise 35%, 45%, 55%, 65%, and even 75% or more lipid
by dry weight. Percentage of dry cell weight as lipid in micro-
bial lipid production can therefore be improved by holding
cells in a growth state in which they consume carbon and
accumulate oil but do not undergo cell division.

Conditions in which nitrogen is in excess tends to increase
microbial protein yield over microbial oil yield in a culture in
which nitrogen is not provided in excess. Suitable nitrogen
sources for oleaginous yeast may come from organic nitrogen
sources and/or inorganic nitrogen sources.

Non-limiting examples of organic nitrogen sources are
yeast extract, peptone, corn steep liquor, and corn steep pow-
der. Non-limiting examples of preferred inorganic nitrogen
sources include, for example, and without limitation, (NH,)
»50, and NH,OH. In one embodiment, the culture media for
carrying out the invention contains only inorganic nitrogen
sources. In another embodiment, the culture media for carry-
ing out the invention contains only organic nitrogen sources.
Inyet another embodiment, the culture media for carrying out
the invention contains a mixture of organic and inorganic
nitrogen sources.

An example of a medium formulation used to grow oleagi-
nous yeast includes: 7 g/ KH,PO,; 2 g/. Na,HPO,; 1.5 g/LL
MgS0O,.7H,0; 1.5 g/l_yeast extract; 0.2 g/[. CaCl,.6H,0; 0.1
g/l FeCl;.6H,O; 0.001 g/ biotin and 0.001 g/L.
ZnS0,.7H,0 with a pH level adjusted to 5.5 with HCL and
with 12 g/L glucose and 30 g/L. NH,Cl as a nitrogen source.
Another medium that is used to grow oleaginous yeast
includes: 20 g/L glucose; 0.5 g/L yeast extract; 5 g/l (NH,,),
SO,; and 1 g/I. KH,PO,; 0.5 g/[. MgSO,.7H,0. One medium
formulation for the growth of oleaginous yeast in a fermentor
consists of: 30 g/LL glucose; 20 g/L. xylose; 2 g/, (NH,),SO,;
1 g/ KH,PO,; and 0.5 g/L. MgSO,.7H,0.

In the methods described herein, a bioreactor or fermentor
is used to culture oleaginous yeast cells through the various
phases of their physiological cycle. As an example, an inocu-
lum of lipid-producing oleaginous yeast cells is introduced
into the medium; there is a lag period (lag phase) before the
cells begin to propagate. Following the lag period, the propa-
gation rate increases steadily and enters the log, or exponen-
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tial, phase. The exponential phase is in turn followed by a
slowing of propagation due to decreases in nutrients such as
nitrogen, increases in toxic substances, and quorum sensing
mechanisms. After this slowing, propagation stops, and the
cells enter a stationary phase or steady growth state, depend-
ing on the particular environment provided to the cells. For
obtaining lipid rich biomass, the culture is typically harvested
well after the end of the exponential phase, which may be
terminated early by allowing nitrogen or another key nutrient
(other than carbon) to become depleted, forcing the cells to
convert the carbon sources, present in excess, to lipid. Culture
condition parameters can be manipulated to optimize total oil
production, the combination of fatty acid species produced,
and/or production of a specific oil.

To produce high lipid oleaginous yeast, cells are preferably
fermented in large quantities in liquid, such as in suspension
cultures as an example. Bioreactors such as steel fermentors
(5000 liter, 10,000 liter, 80,000 liter, and larger volumes are
used in various embodiments of the invention) can accom-
modate very large culture volumes. Bioreactors also typically
allow for the control of culture conditions such as tempera-
ture, pH, oxygen tension, and carbon dioxide levels. For
example, bioreactors are typically configurable, for example,
using ports attached to tubing, to allow gaseous components,
like oxygen or nitrogen, to be bubbled through a liquid cul-
ture.

Bioreactors can be configured to flow culture media though
the bioreactor throughout the time period during which the
oleaginous yeast reproduce and increase in number. In some
embodiments, for example, media can be infused into the
bioreactor after inoculation but before the cells reach a
desired density. In other instances, a bioreactor is filled with
culture media at the beginning of a culture, and no more
culture media is infused after the culture is inoculated. In
other words, the oleaginous yeast biomass is cultured in an
aqueous medium for a period of time during which the yeast
reproduce and increase in number; however, quantities of
aqueous culture medium are not flowed through the bioreac-
tor throughout the time period. Thus in some embodiments,
aqueous culture medium is not flowed through the bioreactor
after inoculation.

Bioreactors equipped with devices such as spinning blades
and impellers, rocking mechanisms, stir bars, means for pres-
surized gas infusion can be used to subject oleaginous yeast
cultures to mixing. Mixing may be continuous or intermittent.
As briefly mentioned above, bioreactors are often equipped
with various ports that, for example, allow the gas content of
the culture to be manipulated. To illustrate, part of the volume
of'a bioreactor can be gas rather than liquid, and the gas inlets
of the bioreactor to allow pumping of gases into the bioreac-
tor. Gases that can be beneficially pumped into a bioreactor
include air, air/CO, mixtures, noble gases, such as argon, and
other gases. Bioreactors are typically equipped to enable the
user to control the rate of entry of a gas into the bioreactor. As
noted above, increasing gas tlow into a bioreactor can be used
to increase mixing of the culture.

Increased gas flow affects the turbidity of the culture as
well. Turbulence can be achieved by placing a gas entry port
below the level of the aqueous culture media so that gas
entering the bioreactor bubbles to the surface of the culture.
One or more gas exit ports allow gas to escape, thereby
preventing pressure buildup in the bioreactor. Preferably a gas
exit port leads to a “one-way” valve that prevents contami-
nating microorganisms from entering the bioreactor.

The specific examples of bioreactors, culture conditions,
and heterotrophic growth and propagation methods described
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herein can be combined in any suitable manner to improve
efficiencies of microbial growth and lipid and/or protein pro-
duction.

Oleaginous yeast cultures generated according to the meth-
ods described above yield oleaginous yeast biomass in fer-
mentation media. To prepare this biomass, as well as to pre-
pare microalgal or other microbial biomass, for extraction of
oil, the biomass is typically concentrated, or harvested, from
the fermentation medium. At the point of harvesting the ole-
aginous yeast biomass from the fermentation medium, the
biomass comprises predominantly intact cells suspended in
an aqueous culture medium. To concentrate the biomass, a
dewatering step can be performed. Dewatering or concentrat-
ing refers to the separation of the biomass from fermentation
broth or other liquid medium and so is solid-liquid separation.
Thus, during dewatering, the culture medium is removed
from the biomass (for example, by draining the fermentation
broth through a filter that retains the biomass), or the biomass
is otherwise removed from the culture medium. Common
processes for dewatering include centrifugation, filtration,
and the use of mechanical pressure. These processes can be
used individually or in any combination.

Centrifugation involves the use of centrifugal force to sepa-
rate mixtures. During centrifugation, the more dense compo-
nents of the mixture migrate away from the axis of the cen-
trifuge, while the less dense components of the mixture
migrate towards the axis. By increasing the effective gravita-
tional force (i.e., by increasing the centrifugation speed),
more dense material, such as solids, separate from the less
dense material, such as liquids, and so separate out according
to density. Centrifugation of biomass and broth or other aque-
ous solution forms a concentrated paste comprising the ole-
aginous yeast cells. Centrifugation does not remove signifi-
cant amounts of intracellular water. In fact, after
centrifugation, there may still be a substantial amount of
surface or free moisture in the biomass (e.g., upwards of
70%), so centrifugation is not considered to be a drying step.

Filtration can also be used for dewatering. One example of
filtration that is suitable for the methods described herein is
tangential flow filtration (TFF), also known as cross-flow
filtration. Tangential flow filtration is a separation technique
that uses membrane systems and flow force to separate solids
from liquids. For an illustrative suitable filtration method, see
Geresh, Carb. Polym. 50; 183-189 (2002), which describes
the use of a MaxCell A/G Technologies 0.45 uM hollow fiber
filter. Also see, for example, Millipore Pellicon® devices,
used with 100 kD, 300 kD, 1000 kD (catalog number
P2CO1IMCO01), 0.1 uM (catalog number P2VVPPVO01), 0.22
uM (catalog number P2GVPPVO01), and 0.45 uM membranes
(catalog number P2ZHVMPVO1). The retentate preferably
does not pass through the filter at a significant level, and the
product in the retentate preferably does not adhere to the filter
material. TFF can also be performed using hollow fiber fil-
tration systems. Filters with a pore size of at least about 0.1
micrometer, for example about 0.12, 0.14, 0.16, 0.18, 0.2,
0.22, 0.45, or at least about 0.65 micrometers, are suitable.
Preferred pore sizes of TFF allow solutes and debris in the
fermentation broth to flow through, but not microbial cells.

Dewatering can also be effected with mechanical pressure
directly applied to the biomass to separate the liquid fermen-
tation broth from the microbial biomass sufficient to dewater
the biomass but not to cause predominant lysis of cells.
Mechanical pressure to dewater microbial biomass can be
applied using, for example, a belt filter press. A belt filter
press is a dewatering device that applies mechanical pressure
to a slurry (e.g., microbial biomass taken directly from the
fermentor or bioreactor) that is passed between the two ten-
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sioned belts through a serpentine of decreasing diameter rolls.
The belt filter press can actually be divided into three zones:
the gravity zone, where free draining water/liquid is drained
by gravity through a porous belt; a wedge zone, where the
solids are prepared for pressure application; and a pressure
zone, where adjustable pressure is applied to the gravity
drained solids.

After concentration, oleaginous yeast biomass is pro-
cessed, as described hereinbelow, to prepare it for oil extrac-
tion.

Oleaginous yeast biomass with a high percentage of oil/
lipid accumulation by dry weight has been generated using
different methods of culture, including methods known in the
art. Oleaginous yeasts with a higher percentage of accumu-
lated oil/lipid are useful in the methods described herein.
Candida 107 was shown to be able to accumulate up to 40%
lipid wt/wt under nitrogen limiting conditions (Gill et al.,
Appl and Environ Microbiology (1977) pp. 231-239). Lietal.
demonstrated the production of Rhodosporidium toruloids 44
in fed-batch cultures to a lipid content of 48% w/w (Lietal.,
Enzyme and Microbial Technology (2007) 41:312-317. Yar-
rowia lipolytica has been shown to be able to produce
between 0.44-0.54 g of lipid per gram of biomass when using
animal fat (stearin) as a carbon source (Panpanikolaou et al.,
Appl Microbiol Biotechnol (2002) 58:308-312.

Biomass generated by the culture methods described
herein and useful in accordance with the methods described
herein comprises at least 10% oil by dry weight. In some
embodiments, the biomass comprises at least 25%, at least
50%, at least 55%, or at least 60% oil by dry weight. In some
embodiments, the biomass contains from 10-90% oil, from
25-75% oil, from 40-75% oil, or from 50-70% oil by dry
weight.

The oil of the biomass described herein, or extracted from
the biomass for use in the methods and compositions
described herein can comprise glycerolipids with one or more
distinct fatty acid ester side chains. Glycerolipids are com-
prised of a glycerol molecule esterified to one, two or three
fatty acid molecules, which can be of varying lengths and
have varying degrees of saturation. The oil composition, i.e.,
the properties and proportions of the fatty acid constituents of
the glycerolipids, can be manipulated by combining biomass
or oil from at least two distinct species of oleaginous yeast (or
a strain of oleaginous yeast and another oil producing
microbe). In some embodiments, at least two of the distinct
species of microbe have different glycerolipid profiles. The
distinct species of microbe can be cultured together or sepa-
rately as described herein, preferably under heterotrophic
conditions, to generate the respective oils. Different species
of microbe can contain different percentages of distinct fatty
acid constituents in the cell’s glycerolipids.

Yarrowia lipolytica has been genetically engineered. An
embodiment of the invention uses engineered strains of Yar-
rowia lipolytica containing lipid modification enzymes to
make oils suitable for use as lubricants and dielectric fluids.
Examples of engineering Yarrowia are described in U.S. Pat.
Nos. 7,465,565 and 7,273,746 and U.S. patent application
Ser. Nos. 10/840,579, 11/613,420, 11/714,377 and 11/264,
737.

III. Genetic Engineering Methods And Materials

The methods described herein can be practiced using
recombinant microalgae or other recombinant oleaginous
microbes. This section describes methods and materials for
genetically modifying oleaginous microbes, such as microal-
gae, specifically exemplifying Prototheca cells, to make
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recombinant host cells useful in the methods described
herein, including but not limited to recombinant Prototheca
moriformis, Prototheca zopfii, Prototheca krugani, and Pro-
totheca stagnora host cells. The description of these methods
and materials is divided into subsections for the convenience
of the reader. In subsection 1, transformation methods are
described. In subsection 2, genetic engineering methods
using homologous recombination are described. In subsec-
tion 3, expression vectors and components are described.

1. Engineering Methods—Transformation

Cells can be transformed by any suitable technique includ-
ing, e.g., biolistics, electroporation (see Maruyama et al.
(2004), Biotechnology Techniques 8:821-826), glass bead
transformation and silicon carbide whisker transformation.
Another method that can be used involves forming proto-
plasts and using CaCl, and polyethylene glycol (PEG) to
introduce recombinant DNA into microalgal or other micro-
bial cells (see Kim et al. (2002), Mar. Biotechnol. 4:63-73,
which reports the use of this method for the transformation of
Chorella ellipsoidea). Co-transformation of microalgae can
be used to introduce two distinct vector molecules into a cell
simultaneously (see for example Protist 2004 December; 155
(4):381-93).

Biolistic methods (see, for example, Sanford, Trends In
Biotech. (1988) 6:299 302, U.S. Pat. No. 4,945,050); elec-
troporation (Fromm et al., Proc. Nat’l. Acad. Sci. (USA)
(1985) 82:5824 5828), use of a laser beam, microinjection or
any other method capable of introducing DNA into a microal-
gae can also be used for transformation of oleaginous
microbes, such as a Prototheca cell.

2. Engineering Methods—Homologous Recombination

Homologous recombination relates to the ability of
complementary DNA sequences to align and exchange
regions of homology. In the homologous recombination pro-
cess, transgenic DNA (“donor”) containing sequences
homologous to the genomic sequences being targeted (“tem-
plate”) is introduced into the organism and then undergoes
recombination into the genome at the site of the correspond-
ing genomic homologous sequences. The mechanistic steps
of'this process, in most cases, include: (1) pairing of homolo-
gous DNA segments; (2) introduction of double-stranded
breaks into the donor DNA molecule; (3) invasion of the
template DNA molecule by the free donor DNA ends fol-
lowed by DNA synthesis; and (4) resolution of double-strand
break repair events that result in final recombination prod-
ucts.

The ability to carry out homologous recombination in a
host organism has many practical implications for what can
be done at the molecular genetic level and is useful in the
generation of an oleaginous microbe that can produced tai-
lored oils (lipids). By its very nature, homologous recombi-
nation is a precise gene targeting event; hence, most trans-
genic lines generated with the same targeting sequence will
be essentially identical in terms of phenotype, necessitating
the screening of far fewer transformation events. Homolo-
gous recombination also targets gene insertion events into the
host chromosome, resulting in excellent genetic stability,
even in the absence of genetic selection. Because different
chromosomal loci can impact gene expression, even from
heterologous promoters/UTRs, homologous recombination
can be a method of querying loci in an unfamiliar genome
environment and to assess the impact of a particular genome
environment on gene expression.

Particularly useful genetic engineering applications using
homologous recombination co-opt specific host regulatory
elements such as promoters/UTRs to drive heterologous gene
expression in a highly specific fashion. For example, ablation
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or knockout of desaturase genes/gene families with a heter-
ologous gene encoding a selective marker can be used to
increase overall percentage of saturated fatty acids produced
in the host cell. Example 4 describes the homologous recom-
bination targeting constructs and a working example of such
desaturase gene ablations (knockouts) generated in Prototh-
eca moriformis. Another approach to decreasing expression
of'an endogenous gene is to use an RNA-induced method of
downregulation or silencing of gene expression including, but
not limited to, an RNAI or antisense approach, as well as a
dsRNA approach. Antisense, RNAi, dsRNA, and hairpin
RNA approaches are well known in the art and include the
introduction of an expression construct that, when expressed
as mRNA, leads to the formation of a hairpin RNA or an
expression construct containing a portion of the target gene
that is transcribed in the antisense orientation. All of these
approaches result in the decreased expression of the target
gene. Example 4 also describes expression constructs and a
working example of the down-regulation of an endogenous
Prototheca moriformis delta 12 desaturase gene (FADc) by a
hairpin RNA approach.

Because homologous recombination is a precise gene tar-
geting event, it can be used to modify any nucleotide(s) within
a gene or region of interest precisely, so long as sufficient
flanking regions have been identified. Therefore, homologous
recombination can be used as a means to modify regulatory
sequences impacting gene expression of RNA and/or pro-
teins. It can also be used to modify protein coding regions to
modify enzyme activities such as substrate specificity, affin-
ity, and Km, thus effecting the desired change in metabolism
of'the host cell. Homologous recombination provides a pow-
erful means to manipulate the host genome resulting in gene
targeting, gene conversion, gene deletion, gene duplication,
and gene inversion, and in the exchange of gene expression
regulatory elements such as promoters, enhancers and
3'UTRs.

Homologous recombination can be achieved using target-
ing constructs containing pieces of endogenous sequences to
“target” the gene or region of interest within the endogenous
host cell genome. Such targeting sequences can either be
located 5' of the gene or region of interest, 3' of the gene/
region of interest, or even flank the gene/region of interest.
Such targeting constructs can be transformed into the host cell
either as a supercoiled plasmid DNA with additional vector
backbone, a PCR product with no vector backbone, or as a
linearized molecule. In some cases, it may be advantageous to
first expose the homologous sequences within the transgenic
DNA (donor DNA) with a restriction enzyme. This step can
increase the recombination efficiency and decrease the occur-
rence of undesired events. Other methods of increasing
recombination efficiency include using PCR to generate
transforming transgenic DNA containing linear ends
homologous to the genomic sequences being targeted.

For purposes of non-limiting illustration, regions of donor
DNA sequences that are useful for homologous recombina-
tion include the KE858 region of DNA in Prototheca mori-
formis. KE858 is a 1.3 kb genomic fragment that encom-
passes part of the coding region for a protein that shares
homology with the transfer RNA (tRNA) family of proteins.
Southern blots have shown that the KE858 sequence is
present in a single copy in the Prototheca moriformis (UTEX
1435) genome. This region and examples of using this region
for homologous recombination targeting has been described
in PCT Application No. PCT/US2009/66142. Another useful
region of donor DNA is the 6S genomic sequence.
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3. Vectors and Vector Components

Vectors for transformation of microorganisms can be pre-
pared by known techniques familiar to those skilled in the art
in view of the disclosure herein. A vector typically contains
one or more genes, in which each gene codes for the expres-
sion of a desired product (the gene product) and is operably
linked to one or more control sequences that regulate gene
expression or target the gene product to a particular location
in the recombinant cell. To aid the reader, this subsection is
divided into subsections. Subsection A describes control
sequences that can be contained on vectors. Subsection B
describes genes typically contained in vectors as well as
codon optimization methods and genes prepared using them.

A. Control Sequences

Control sequences are nucleic acids that regulate the
expression of a coding sequence or direct a gene productto a
particular location in or outside a cell. Control sequences that
regulate expression include, for example, promoters that
regulate transcription of a coding sequence and terminators
that terminate transcription of a coding sequence. Another
control sequence is a 3' untranslated sequence located at the
end of a coding sequence that encodes a polyadenylation
signal. Control sequences that direct gene products to particu-
lar locations include those that encode signal peptides, which
direct the protein to which they are attached to a particular
location in or outside the cell.

Thus, an exemplary vector design for expression of an
exogenous gene in a microalgae or other oleaginous microbe
contains a coding sequence for a desired gene product (for
example, a selectable marker, a lipid pathway modification
enzyme, or a sucrose utilization enzyme) in operable linkage
with a promoter active in the microalgae or other oleaginous
microbe. Alternatively, if the vector does not contain a pro-
moter in operable linkage with the coding sequence of inter-
est, the coding sequence can be transformed into the cells
such that it becomes operably linked to an endogenous pro-
moter at the point of vector integration. The promoterless
method of transformation has been proven to work in
microalgae (see for example Plant Journal 14:4, (1998), pp.
441-447) and other microbes.

Many promoters are active in microalgae, including pro-
moters that are endogenous to the algae being transformed, as
well as promoters that are not endogenous to the algae being
transformed (i.e., promoters from other algae, promoters
from higher plants, and promoters from plant viruses or algae
viruses). [llustrative exogenous and/or endogenous promot-
ers that are active in microalgae (as well as antibiotic resis-
tance genes functional in microalgae) are described in PCT
Pub. No. 2008/151149 and references cited therein.

The promoter used to express an exogenous gene can be the
promoter naturally linked to that gene or can be a heterolo-
gous gene promoter. Some promoters are active in more than
one species of microalgae. Other promoters are species-spe-
cific. Illustrative promoters include promoters such as p-tu-
bulin from Chlamydomonas reinhardtii, used in the
Examples below, and viral promoters, such as promoters
derived from cauliflower mosaic virus (CMV) and chlorella
virus, which have been shown to be active in multiple species
of microalgae (see for example Plant Cell Rep. 2005 March;
23(10-11):727-35; J Microbiol. 2005 August; 43(4):361-5;
Mar Biotechnol (NY). 2002 January; 4(1):63-73). Another
promoter that is suitable for use for expression of exogenous
genes in Prototheca is the Chlorella sorokiniana glutamate
dehydrogenase promoter/5S'UTR. Typically, at least 10, 20,
30, 40, 50, or 60 nucleotides or more of these sequences
containing a promoter are used. [llustrative promoters useful
for expression of exogenous genes in Prototheca are listed in
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the sequence listing of this application, such as the promoter
of the Chlorella HUP1 gene (SEQ ID NO:1) and the Chlo-
rella ellipsoidea nitrate reductase promoter (SEQ ID NO:2).
Chlorella virus promoters can also be used to express genes in
Prototheca, such as SEQ ID NOs: 1-7 of U.S. Pat. No. 6,395,
965. Additional promoters active in Prototheca can be found,
for example, in Biochem Biophys Res Commun. 1994 Oct.
14; 204(1):187-94; Plant Mol Biol. 1994 October; 26(1):85-
93; Virology. 2004 Aug. 15; 326(1):150-9; and Virology.
2004 Jan. 5; 318(1):214-23.

A promoter can generally be characterized as either con-
stitutive or inducible. Constitutive promoters are generally
active or function to drive expression at all times (or at certain
times in the cell life cycle) at the same level. Inducible pro-
moters, conversely, are active (or rendered inactive) or are
significantly up- or down-regulated only in response to a
stimulus. Both types of promoters find application in the
methods described herein. Inducible promoters useful in the
methods described herein include those that mediate tran-
scription of an operably linked gene in response to a stimulus,
such as an exogenously provided small molecule (e.g, glu-
cose, as in SEQ ID NO:1), temperature (heat or cold), lack of
nitrogen in culture media, etc. Suitable promoters can activate
transcription of an essentially silent gene or upregulate, pref-
erably substantially, transcription of an operably linked gene
that is transcribed at a low level.

Inclusion of termination region control sequence is
optional, and if employed, then the choice is be primarily one
of convenience, as termination regions are relatively inter-
changeable. The termination region may be native to the
transcriptional initiation region (the promoter), may be native
to the DNA sequence of interest, or may be obtainable from
another source. See, for example, Chen and Orozco, Nucleic
Acids Res. (1988) 16:8411.

The methods described herein may also make use of vec-
tors containing control sequences and recombinant genes that
provide for the compartmentalized expression of a gene of
interest. Organelles for targeting are chloroplasts, plastids,
mitochondria, and endoplasmic reticulum. In addition, the
methods described herein may also make use of control
sequences and recombinant genes and vectors containing
them described herein that provide for the secretion of a
protein outside the cell.

Proteins expressed in the nuclear genome of Prototheca
can be targeted to the plastid using plastid targeting signals.
Plastid targeting sequences endogenous to Chlorella are
known, such as genes in the Chlorella nuclear genome that
encode proteins that are targeted to the plastid; see for
example GenBank Accession numbers AY646197 and
AF499684, and in one embodiment, vectors containing such
control sequences are used in the methods described herein to
target expression of a protein to a Prototheca plastid.

The Examples below describe the use of algal plastid tar-
geting sequences to target heterologous proteins to the correct
compartment in the host cell. cDNA libraries were made
using Prototheca moriformis and Chlovella protothecodies
cells and are described in PCT Application No. PCT/US2009/
066142.

In another embodiment, the expression of a polypeptide in
Prototheca or another oleaginous microbe is targeted to the
endoplasmic reticulum. The inclusion of an appropriate
retention or sorting signal in an expression vector ensures that
proteins are retained in the endoplasmic reticulum (ER) and
do not go downstream into Golgi. For example, the
IMPACTVECTOR1.3 vector, from Wageningen UR—Plant
Research International, includes the well known KDEL
retention or sorting signal. With this vector, ER retention has
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a practical advantage in that it has been reported to improve
expression levels 5-fold or more. The main reason for this
appears to be that the ER contains lower concentrations and/
or different proteases responsible for post-translational deg-
radation of expressed proteins than are present in the cyto-
plasm. ER retention signals functional in green microalgae
are known. For example, see Proc Natl Acad Sci USA. 2005
Apr. 26; 102(17):6225-30.

In another embodiment of the present invention, a polypep-
tide is targeted for secretion outside the cell into the culture
media. See Hawkins et al., Current Microbiology Vol. 38
(1999), pp. 335-341 for examples of secretion signals active
in Chlorella that can be used in other microalgae, such as
Prototheca, as well.

B. Genes and Codon Optimization

Typically, a gene includes a promoter, coding sequence,
and termination control sequences. When assembled by
recombinant DNA technology, a gene may be termed an
expression cassette and may be flanked by restriction sites for
convenient insertion into a vector that is used to introduce the
recombinant gene into a host cell. The expression cassette can
be flanked by DNA sequences from the genome or other
nucleic acid target to facilitate stable integration of the
expression cassette into the genome by homologous recom-
bination. Alternatively, the vector and its expression cassette
may remain unintegrated, in which case, the vector typically
includes an origin of replication, which is capable of provid-
ing for replication of the heterologous vector DNA.

A common gene present on a vector is a gene that codes for
a protein, the expression of which allows the recombinant cell
containing the protein to be differentiated from cells that do
not express the protein. Such a gene, or its corresponding
gene product, is called a selectable marker. Any of a wide
variety of selectable markers can be employed in a transgene
construct useful for transforming Prototheca or any other
oleaginous microbe useful in the methods described herein.
Examples of suitable selectable markers include the G418
resistance gene, the nitrate reductase gene (see Dawson et al.
(1997), Current Microbiology 35:356-362), the hygromycin
phosphotransterase gene (HPT; see Kim et al. (2002), Mar.
Biotechnol. 4:63-73), the neomycin phosphotransferase
gene, and the ble gene, which confers resistance to phleomy-
cin (Huang et al. (2007), Appl. Microbiol. Biotechnol.
72:197-205). Methods of determining sensitivity of microal-
gae and other oleaginous microbes to antibiotics are well
known. For example, see Mol Gen Genet. 1996 Oct. 16;
252(5):572-9.

Other selectable markers that are not antibiotic-based can
also be employed in a transgene construct useful for trans-
forming microalgae in general, including Prototheca species.
Genes that confers the ability to utilize certain carbon sources
that were previously unable to be utilized by the microalgae
can also be used as a selectable marker. By way of illustration,
Prototheca moriformis strains typically grow poorly, if at all,
on sucrose. Using a construct containing a sucrose invertase
gene can confer the ability of positive transformants to grow
on sucrose as a carbon substrate.

For purposes of certain embodiments of the methods
described herein, the expression vector used to prepare a
recombinant host cell will include at least two, and often
three, genes, if one of the genes is a selectable marker. For
example, a genetically engineered Prototheca can be made by
transformation with vectors that comprise, in addition to a
selectable marker, one or more exogenous genes, such as, for
example, a sucrose invertase gene or an acyl ACP-
thioesterase gene. One or both genes can be expressed using
an inducible promoter, which allows the relative timing of
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expression of these genes to be controlled to enhance the lipid
yield and conversion to fatty acid esters. Expression of the
two or more exogenous genes may be under control of the
same inducible promoter or under control of different induc-
ible (or constitutive) promoters. In the latter situation, expres-
sion of a first exogenous gene can be induced for a first period
of'time (during which expression of a second exogenous gene
may or may not be induced), and expression of a second
exogenous gene can be induced for a second period of time
(during which expression of a first exogenous gene may or
may not be induced).

In other embodiments, the two or more exogenous genes
(in addition to any selectable marker) are: a fatty acyl-ACP
thioesterase and a fatty acyl-CoA/aldehyde reductase, the
combined action of which yields an alcohol product. Further
provided are other combinations of exogenous genes, includ-
ing without limitation, a fatty acyl-ACP thioesterase and a
fatty acyl-CoA reductase to generate aldehydes. In one
embodiment, the vector provides for the combination of a
fatty acyl-ACP thioesterase, a fatty acyl-CoA reductase, and
a fatty aldehyde decarbonylase to generate alkanes. In each of
these embodiments, one or more of the exogenous genes can
be expressed using an inducible promoter.

Other illustrative vectors that express two or more exog-
enous genes include those encoding both a sucrose trans-
porter and a sucrose invertase enzyme and those encoding
both a selectable marker and a secreted sucrose invertase. The
recombinant Prototheca or other microalgal or microbial cell
transformed with either type of vector produces lipids at
lower manufacturing cost due to the engineered ability to use
sugar cane (and sugar cane-derived sugars) as a carbon
source. Insertion of the two exogenous genes described above
can be combined with the disruption of polysaccharide bio-
synthesis through directed and/or random mutagenesis,
which steers even greater carbon flux into lipid production.
Individually and in combination, trophic conversion, engi-
neering to alter lipid production, and treatment with exog-
enous enzymes alter the lipid composition produced by a
microorganism. The alteration can be a change in the amount
of lipids produced, the amount of one or more lipid (fatty
acid) species produced relative to other lipid species, and/or
the types of lipid species produced in the microorganism. For
example, microalgae can be engineered to produce a higher
amount and/or percentage of TAGs.

For optimal expression of a recombinant protein, it is ben-
eficial to employ coding sequences that produce mRNA with
codons preferentially used by the host cell to be transformed.
Thus, proper expression of transgenes can require that the
codon usage of the transgene matches the specific codon bias
of the organism in which the transgene is being expressed.
The precise mechanisms underlying this effect are many, but
include the proper balancing of available aminoacylated
tRNA pools with proteins being synthesized in the cell,
coupled with more efficient translation of the transgenic mes-
senger RNA (mRNA) when this need is met. When codon
usage in the transgene is not optimized, available tRNA pools
are not sufficient to allow for efficient translation of the het-
erologous mRNA resulting in ribosomal stalling and termi-
nation and possible instability of the transgenic mRNA.

Codon-optimized nucleic acids useful for the successful
expression of recombinant proteins in Profotheca are
described herein. Codon usage in Prototheca species was
analyzed by studying cDNA sequences isolated from Pro-
totheca moriformis. This analysis represents the interrogation
over 24,000 codons and resulted in Table 4 below.
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TABLE 4-continued

Preferred codon usage in Prototheca strains.

Preferred codon usage in Prototheca strains.

Ala

Cys

Asp

Glu

Phe

Gly

Ile

Lys

Leu

Met

Pro

Gln

Arg

Ser

Thr

Val

Trp

GCG
GCA
GCT
GCC

TGT
TGC

GAT
GAC

GAG
GAA

TTT
TTC

GGG
GGA
GGT
GGC

CAT
CAC

ATA
ATT
ATC

ARG

TTG
TTA
CTG
CTA
CTT
CTC

ATG

AAT

CCG
cca
CCT
cce

CAG
CAA

AGG
AGA
CGG
CGA
CGT
CcGC

AGT
AGC
TCG
TCA
TCT
TCC

ACG
ACA
ACT
ACC

GTG
GTA
GTT
GTC

TGG

345

66
101
442

12
105

43
316

377
14

89
216

92
56

559

42

154

30

338

284

26

447

45
190

191

(0
(0.
(0
(0
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Tyr TAT 10 (0.05)
TAC 180 (0.95)
Stop TGA/TAG/TAA

In other embodiments, the gene in the recombinant vector
has been codon-optimized with reference to a microalgal
strain other than a Prototheca strain or another microbial
strain. For example, methods of recoding genes for expres-
sion in microalgae are described in U.S. Pat. No. 7,135,290.
Additional information for codon optimization is available,
e.g., at the codon usage database of GenBank.

While the methods and materials described herein allow
for the introduction of any exogenous gene into Prototheca or
other microalgae or other oleaginous microbes, genes relat-
ing to sucrose utilization and lipid pathway modification are
of'particular interest for microbes unable to utilize it naturally
or for microbes that utilize it inefficiently, as discussed in the
following sections.

IV. Sucrose Utilization

In embodiment, the recombinant Prototheca or other
microalgal or other microbial cell contains one or more exog-
enous sucrose utilization genes. In various embodiments, the
one or more genes encode one or more proteins selected from
the group consisting of a fructokinase, a glucokinase, a hex-
okinase, a sucrose invertase, a sucrose transporter. For
example, expression of a sucrose transporter and a sucrose
invertase allows Prototheca or any other microalgal or other,
microbial cell to transport sucrose into the cell from the
culture media and hydrolyze sucrose to yield glucose and
fructose. Optionally, a fructokinase can be expressed as well
in instances where endogenous hexokinase activity is insuf-
ficient for maximum phosphorylation of fructose. Examples
of suitable sucrose transporters are Genbank accession num-
bers CAD91334, CAB92307, and CAAS53390. Examples of
suitable fructokinases are Genbank accession numbers
P26984, P26420 and CAA43322.

Inone embodiment, the methods described herein are prac-
ticed with a Prototheca host cell that secretes a sucrose inver-
tase. Secretion of a sucrose invertase obviates the need for
expression of a transporter that can transport sucrose into the
cell. This is because a secreted invertase catalyzes the con-
version of a molecule of sucrose into a molecule of glucose
and a molecule of fructose, both of which can be transported
and utilized by microbes useful in the methods described
herein. For example, expression of a sucrose invertase (such
as SEQ ID NO:3) with a secretion signal (such as that of SEQ
ID NO:4 (from yeast), SEQ ID NO:5 (from higher plants),
SEQ ID NO:6 (eukaryotic consensus secretion signal), and
SEQ ID NO:7 (combination of signal sequence from higher
plants and eukaryotic consensus) generates invertase activity
outside the cell. Expression of such a protein, as enabled by
the genetic engineering methodology disclosed herein,
allows cells already capable of utilizing extracellular glucose
as an energy source to utilize sucrose as an extracellular
energy source.

Prototheca species expressing an invertase that is secreted
into a media containing sucrose are a preferred microalgal
species for the production of microbial oil for use as a dielec-
tric fluid or other lubricant (for production of food oils, some
consumers may prefer oil produced using non-recombinant
microbes). The expression and extracellular targeting of this
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fully active protein allows the resulting host cells to grow on
sucrose, whereas their non-transformed counterparts cannot.
Thus, the practice of the methods described herein may utilize
Prototheca recombinant cells with a codon-optimized inver-
tase gene, including but not limited to the yeast invertase
gene, integrated into their genome such that the invertase
gene is expressed as assessed by invertase activity and
sucrose hydrolysis. Invertase genes are useful as selectable
markers in Prototheca and other microalgal recombinant

46

material (which may optionally contain lignin). While the
microbes exemplified here are altered such that they can
utilize sucrose, the methods and reagents described herein
can be applied so that feedstocks such as cellulosics are
utilizable by an engineered host microbe with the ability to
secrete cellulases, pectinases, isomerases, or the like, such
that the breakdown products of the enzymatic reactions are no
longer just simply tolerated but rather utilized as a carbon
source by the host.

cells, as such cells are able to grow on sucrose, while their 10
non-transformed counterparts cannot; and methods for V. Lipid Pathway Engineering
selecting recombinant host cells using an invertase is a pow-
erful, selectable marker for algal molecular genetics. In addition to altering the ability of Prototheca (or other

The successful expression of a sucrose invertase in Pro- microalgal or other microbial cells) to utilize feedstocks such
totheca also demonstrates that heterologous (recombinant) 15 as sucrose-containing feedstocks, recombinant Prototheca
proteins can be expressed in an algal cell and successfully (or other microalgal or other microbial cells) that have been
transit outside of the cell and into the culture medium in a modified to alter the properties and/or proportions of lipids
fully active and functional form. Thus, methods and reagents produced are useful in the methods described herein. The
for expressing a wide and diverse array of heterologous pro- pathway can further, or alternatively, be modified to alter the
teins in microalgae and secreting them outside of the host cell 20 properties and/or proportions of various lipid molecules pro-
are available. Such proteins include, for example, industrial duced through enzymatic processing of lipids and intermedi-
enzymes such as, for example, lipases, proteases, cellulases, ates in the fatty acid pathway. In various embodiments, the
pectinases, amylases, esterases, oxidoreductases, trans- recombinant cells have, relative to their untransformed coun-
ferases, lactases, isomerases, and invertases. terparts, an increased or optimized lipid yield per unit volume

Examples of suitable sucrose invertases include those iden- 25 and/or per unit time, carbon chain length (e.g., for industrial
tified by Genbank accession numbers CAB95010, chemicals, including but not limited to dielectric fluids, and
NP__ 012104 and CAA06839. Non-limiting examples of suit- other applications requiring lipid feedstock), reduced number
able invertases are listed below in Table 5. Amino acid of double or triple bonds, optionally to zero, and increasing
sequences for each listed invertase are included in the the hydrogen:carbon ratio of a particular species of lipid (fatty
Sequence Listing below. In some cases, the exogenous 30 acid) or of a population of distinct lipid.
sucrose utilization gene suitable for use in the methods and In particular embodiments, one or more key enzymes that
vectors described herein encodes a sucrose invertase that has control branch points in metabolism to fatty acid synthesis
at least 40, 50, 60, 75, or 90% or higher amino acid identity have been up-regulated or down-regulated to improve lipid
with a sucrose invertase selected from Table 5. production. Up-regulation can be achieved, for example, by

TABLE 5
Sucrose invertases.
GenBank
Description Organism Accession No.  SEQ ID NO:
Invertase Chicorium intybus Y11124 SEQ ID NO: 20
Invertase Schizosaccharomyces ABO011433 SEQ ID NO: 21
pombe
beta-fructofuranocsidase  Pichia anomala X80640 SEQ ID NO: 22
(invertase)
Invertase Debaryomyces occidentalis  X17604 SEQ ID NO: 23
Invertase Oryza sativa AF019113 SEQID NO: 24
Invertase Allium cepa AJ006067 SEQ ID NO: 25
Invertase Beta vulgaris subsp. AJ278531 SEQ ID NO: 26
Vulgaris
beta-fructofuranosidase  Bifidobacterium breve AAT28190 SEQ ID NO: 27
(invertase) UCC2003
Invertase Saccharomyces cerevisiee ~ NP_012104 SEQ ID NO: 8 (nucleotide)
SEQ ID NO: 28 (amino acid)
Invertase A Zymomonas mobilis AAO38865 SEQ ID NO: 29
55

The secretion of an invertase to the culture medium by transforming cells with expression constructs in which a gene
Prototheca enables the cells to grow as well on waste molas- encoding the enzyme of interest is expressed, e.g., using a
ses from sugar cane processing as they do on pure reagent- strong promoter and/or enhancer elements that increase tran-
grade glucose; the use of this low-value waste product of scription. Such constructs can include a selectable marker
sugar cane processing can provide significant cost savings in 6o such that the transformants can be subjected to selection,
the production of lipids and other oils. Thus, methods which can also be used for amplification of the construct and
described herein may involve the use of a microbial culture a concomitant increase in the expression level of the encoded
containing a population of Prototheca or other microalgal enzyme. Examples of enzymes suitable for up-regulation
microorganisms, and a culture medium comprising (i) according to the methods described herein include pyruvate
sucrose and (ii) a sucrose invertase enzyme. In various 65 dehydrogenase, which plays a role in converting pyruvate to

embodiments the sucrose in the culture comes from sorghum,
sugar beet, sugar cane, molasses, or depolymerized cellulosic

acetyl-CoA (examples, some from microalgae, include Gen-
bank accession numbers NP_415392; AAAS53047,
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Q1XDM1; and CAF05587). Up-regulation of pyruvate dehy-
drogenase can increase production of acetyl-CoA, and
thereby increase fatty acid synthesis. Acetyl-CoA carboxy-
lase catalyzes the initial step in fatty acid synthesis. Accord-
ingly, this enzyme can be up-regulated to increase production
of'fatty acids (examples, some from microalgae, include Gen-
bank accession numbers BAA94752; AAA75528;
AAA81471; YP_537052; YP__536879; NP_045833; and
BAAS57908). Fatty acid production can also be increased by
up-regulation of acyl carrier protein (ACP), which carries the
growing acyl chains during fatty acid synthesis (examples,
some from microalgae, include Genbank accession numbers
AOTOF8; P51280; NP__849041; YP_ 874433). Glycerol-3-
phosphate acyltransferase catalyzes the rate-limiting step of
fatty acid synthesis. Up-regulation of this enzyme can
increase fatty acid production (examples, some from microal-
gae, include Genbank accession numbers AAA74319;
AAA33122; AAA37647, P44857; and ABO94442).

Up- and/or down-regulation of genes can be applied to
global regulators controlling the expression of the genes of
the fatty acid biosynthetic pathways. Accordingly, one or
more global regulators of fatty acid synthesis can be up- or
down-regulated, as appropriate, to inhibit or enhance, respec-
tively, the expression of a plurality of fatty acid synthetic
genes and, ultimately, to increase lipid production. Examples
include sterol regulatory element binding proteins (SREBPs),
such as SREBP-1a and SREBP-1c (for examples, see Gen-
bank accession numbers NP 035610 and QO9WTN3).

The methods described herein can also be practiced with
recombinant Prototheca (or other microalgal or other micro-
bial) cells that have been modified to contain one or more
exogenous genes encoding lipid modification enzymes such
as, for example, fatty acyl-ACP thioesterases (see Table 6),
fatty acyl-CoA/aldehyde reductases (see Table 8), fatty acyl-
CoA reductases, fatty aldehyde decarbonylase, fatty alde-
hyde reductases, desaturases (such as stearoyl-ACP desatu-
rases and fatty acyl desaturases) and squalene synthases (see
GenBank Accession number AF205791). In some embodi-
ments, genes encoding a fatty acyl-ACP thioesterase and a
naturally co-expressed acyl carrier protein are transformed
into a Prototheca (or other microalgal or other microbial) cell,
optionally with one or more genes encoding other lipid modi-
fication enzymes. In other embodiments, the ACP and the
fatty acyl-ACP thioesterase may have an affinity for one
another that imparts an advantage when the two are used
together in the microbes and methods described herein, irre-
spective of whether they are or are not naturally co-expressed
in a particular tissue or organism. Thus, in certain embodi-
ments, the present invention contemplates both naturally co-
expressed pairs of these enzymes as well as those that share an
affinity for interacting with one another to facilitate cleavage
of a length-specific carbon chain from the ACP.

In still other embodiments, an exogenous gene encoding a
desaturase is transformed into the Prototheca (or other
microalgal or other microbial) cell in conjunction with one or
more genes encoding other lipid modification enzymes to
provide modifications with respect to lipid saturation. In
another embodiment, an endogenous desaturase gene is over-
expressed (e.g., through the introduction of additional copies
of the gene) in a Prototheca (or other microalgal or other
microbial) cell. Stearoyl-ACP desaturase (see, e.g., GenBank
Accession numbers AAF15308; ABM45911; and
AAYB6086), for example, catalyzes the conversion of
stearoyl-ACP to oleoyl-ACP. Up-regulation of this gene can
increase the proportion of monounsaturated fatty acids pro-
duced by a cell; whereas down-regulation can reduce the
proportion of monounsaturates. For illustrative purposes,
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stearoyl-ACP desaturases (SAD) are responsible for the syn-
thesis of C18:1 fatty acids from C18:0 precursors. Another
family of desaturases are the fatty acyl desaturases (FAD),
including delta 12 fatty acid desaturases. These desaturases
also provide modifications with respect to lipid saturation.
For illustrative purposes, delta 12 fatty acid desaturases are
responsible for the synthesis of C18:2 fatty acids from C18:1
precursors. Similarly, the expression of one or more glycero-
lipid desaturases can be controlled to alter the ratio of unsat-
urated to saturated fatty acids such as w-6 fatty acid desatu-
rase, w-3 fatty acid desaturase, or w-6-oleate desaturase. In
some embodiments, the desaturase can be selected with ref-
erence to a desired carbon chain length, such that the desatu-
rase is capable of making location specific modifications
within a specified carbon-length substrate, or substrates hav-
ing a carbon-length within a specified range. In another
embodiment, if the desired fatty acid profile is an increase in
monounsaturates (such as C16:1 and/or C18:1) overexpres-
sion of a SAD or expression of a heterologous SAD can be
coupled with the silencing or inactivation (e.g., through muta-
tion, RNAI, hairpin RNAs, knockout of an endogenous
desaturase gene, etc.) of a fatty acyl desaturase (FAD).
Example 4 below describes the targeted ablation or knockout
of stearoyl-ACP desaturases and delta 12 fatty acid desatu-
rases and also describes the use of hairpin RNA antisense
constructs to decrease the expression of an endogenous
desaturase gene.

Thus, in particular embodiments, microbes of the present
invention are genetically engineered to express one or more
exogenous genes selected from an acyl-ACP thioesterase, an
acyl-CoA/aldehyde reductase, a fatty acyl-CoA reductase, a
fatty aldehyde reductase, a desaturase, a fatty aldehyde decar-
bonylase, or a naturally co-expressed acyl carrier protein.
Suitable expression methods are described above for expres-
sion of a lipase gene, including, among other methods, induc-
ible expression and compartmentalized expression. A fatty
acyl-ACP thioesterase cleaves a fatty acid from an acyl carrier
protein (ACP) during lipid synthesis. Through further enzy-
matic processing, the cleaved fatty acid is then combined with
a coenzyme to yield an acyl-CoA molecule. This acyl-CoA is
the substrate for the enzymatic activity of a fatty acyl-CoA
reductaseto yield an aldehyde, as well as for a fatty acyl-Co A/
aldehyde reductase to yield an alcohol. The aldehyde pro-
duced by the action of the fatty acyl-CoA reductase identified
above is the substrate for further enzymatic activity by either
a fatty aldehyde reductase to yield an alcohol, or a fatty
aldehyde decarbonylase to yield an alkane or alkene.

In some embodiments, fatty acids, glycerolipids, or the
corresponding primary alcohols, aldehydes, alkanes, or alk-
enes, generated by the methods described herein, contain 16
or 18 carbon atoms. Preferred fatty acids for the production of
dielectric fluids or the corresponding alcohols, aldehydes,
alkanes and alkenes contain 16-18 carbon atoms. In certain
embodiments, the above fatty acids are saturated (with no
carbon-carbon double or triple bonds; mono-unsaturated
(single double bond); poly-unsaturated (two or more double
bonds; and can be either linear (not cyclic) or branched or a
mixture of the two types. For dielectric fluids, mono-unsat-
urated fatty acids are preferred, especially oleic acid (C18:1).
To increase production of lipids having the desired chain
length and/or degree of saturation, one can engineer the
microalgal cell to over-express a thioesterase with the desired
chain-length specificity, to knockout production of
thioesterases with shorter chain length specificity orto reduce
the expression of such genes, and/or to knock-out desaturase
genes responsible for the degree of saturation in the desired
lipids.
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Various enzymes described above typically have a prefer-
ential specificity for hydrolysis of a substrate containing a
specific number of carbon atoms. For example, a fatty acyl-
ACP thioesterase may have a preference for cleaving a fatty

acid having 12 carbon atoms from the ACP. In some embodi- 5

ments, the ACP and the length-specific thioesterase may have
an affinity for one another that makes them particularly useful
as a combination (e.g., the exogenous ACP and thioesterase
genes may be naturally co-expressed in a particular tissue or

organism from which they are derived). Therefore, in various

embodiments, the recombinant Prototheca (or other microal-
gal or other microbial) cell of the invention can contain an
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exogenous gene that encodes a protein with specificity for
catalyzing an enzymatic activity (e.g., cleavage of a fatty acid
from an ACP, reduction of an acyl-CoA to an aldehyde or an
alcohol, or conversion of an aldehyde to an alkane) with
regard to the number of carbon atoms contained in the sub-
strate. The enzymatic specificity can, in various embodi-
ments, be for a substrate having from 8 to 34 carbon atoms
and preferably from 16 to 18 carbon atoms.

Other fatty acyl-ACP thioesterases suitable for use with the
microbes and methods described herein include, without
limitation, those listed in Table 6.

TABLE 6

Fatty acyl-ACP thioesterases and GenBank accession numbers.

Umbellularia californica fatty acyl-ACP thicesterase (GenBank #AAC49001)
Cinnamomum camphora fatty acyl-ACP thioesterase (GenBank #Q39473)
Umbellularia californica fatty acyl-ACP thioesterase (GenBank #Q41635)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank #AAB71729)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank #AAB71730)
Elaeis guineensis fatty acyl-ACP thicesterase (GenBank #ABD83939)

Elaeis guineensis fatty acyl-ACP thioesterase (GenBank #AAD42220)
Populus tomentosa fatty acyl-ACP thioesterase (GenBank #ABC47311)
Arabidopsis thaliana fatty acyl-ACP thioesterase (GenBank #NP__172327)
Arabidopsis thaliana fatty acyl-ACP thioesterase (GenBank #CAAR85387)
Arabidopsis thaliana fatty acyl-ACP thioesterase (GenBank #CAA85388)
Gossypium hirsutum fatty acyl-ACP thioesterase (GenBank #Q9SQI3)
Cuphea lanceolata fatty acyl-ACP thioesterase (GenBank #CAA54060)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #AAC72882)
Cuphea calophylla subsp. mesostemon fatty acyl-ACP thioesterase (GenBank

#ABB71581)

Cuphea lanceolata fatty acyl-ACP thioesterase (GenBank #CAC19933)
Elaeis guineensis fatty acyl-ACP thicesterase (GenBank #AAL15645)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #Q39513)
Gossypium hirsutum fatty acyl-ACP thicesterase (GenBank #AAD01982)
Vitis vinifera fatty acyl-ACP thioesterase (GenBank #CAN81819)

Garcinia mangostana fatty acyl-ACP thioesterase (GenBank #AAB51525)
Brassica juncea fatty acyl-ACP thioesterase (GenBank #ABI18986)
Madhuca longifolia fatty acyl-ACP thioesterase (GenBank #AAXS51637)
Brassica napus fatty acyl-ACP thioesterase (GenBank #ABH11710)

Oryza sativa (indica cultivar-group) fatty acyl-ACP thioesterase (GenBank #EAY86877)
Oryza sativa (japonica cultivar-group) fatty acyl-ACP thioesterase (GenBank
#NP__001068400)

Oryza sativa (indica cultivar-group) fatty acyl-ACP thioesterase (GenBank #EAY99617)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #AAC49269)
Ulmus Americana fatty acyl-ACP thioesterase (GenBank #AAB71731)
Cuphea lanceolata fatty acyl-ACP thioesterase (GenBank #CAB60830)
Cuphea palustris fatty acyl-ACP thioesterase (GenBank #AAC49180)

Iris germanica fatty acyl-ACP thicesterase (GenBank #AAG43858)

Iris germanica fatty acyl-ACP thioesterase (GenBank #AAG43858.1)
Cuphea palustris fatty acyl-ACP thioesterase (GenBank #AAC49179)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank #AAB71729)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank #AAB717291.1)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #U39834)
Umbelluaria californica fatty acyl-ACP thioesterase (GenBank #M94159)
Cinnamomum camphora fatty acyl-ACP thioesterase (GenBank #U31813)
Ricinus communis fatty-acyl ACP thioesterase (GenBank#ABS30422.1)

55

Bio-oil based chemicals such as dielectric fluids have fatty
acid compositions of high oleic acid (C18:1) originating from
natural esters (i.e., seed oils) such as from sunflower oil and
canola oil. Table 7 shows the fatty acid profiles of common
commercial seed oils. All commercial seed oil data below
were compiled from the US Pharmacopeias Food and Chemi-
cals Codes, 77 Ed. 2010-2011.

TABLE 7

Lipid profiles of commercial seed oils.

C8:0 C10:0 C12:0 C14:0 C16:0

C18:0 C18:1 C18:0-diOH C18:1-OH  C18:2 Cl18:3a

R. commumis 0 0 0 0 0.9-1.6

(Castor oil)

1.0-1.8 3.7-6.7 0.4-1.3 83.6-89.0 0 0.2-0.6
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TABLE 7-continued
Lipid profiles of commercial seed oils.
C8:0 C10:0 Cl12:0 C14:0 C16:0 C18:0 C18:1 C18:0-diOH C18:1-OH  C18:2 Cl18:3a
C. nucifera 5.0-9.0 4.0-80 44-52 15-21 8.0-11.0 1.0-4.0 5.0-8.0 0 0 0-2.5 0
(Coconut oil)
Z. mays 0 0 0 <1.0 8.0-19.0 0.5-4.0 19-50 0 0 38-65 <2.0
(Corn oil)
G. barbadense 0 0 <0.1 0.5-2.0 17-29 1.0-4.0 13-44 0 0 40-63 0.1-2.1
(Cottonseed oil)
B. rapa, B napus, 0 0 <0.1 <0.2 <6.0 <2.5 >50 0 0 <40 <14
B. juncea (Canola)
O. europea 0 0 0 <0.1 6.5-20.0 0.5-5.0 56-85 0 0 3.5-20.0 <1.2
(Olive)
A. hypogaea 0 0 <0.1 <0.2 7.0-16.0 1.3-6.5 35-72 0 0 13.0-43 <0.6
(Peanut)
E. guineensis 3.0-50 2.5-60 40-52 14.0-180 7.0-10.0 1.0-3.0  11.0-19.0 0 0 0.5-4.0 0
(Palm kernel)
E. guineensis 0 0 0 0.5-59  32.0-47.0 2.0-8.0 34-44 0 0 7.2-12.0 0
(Palm)
C. tinctorus 0 0 <0.1 <0.1 2.0-10.0 1.0-100  7.0-16.0 0 0 72-81 <1.5
(Safflower)
H. annus 0 0 <0.1 <0.5 3.0-10.0 1.0-10.0 14-65 0 0 20-75 <0.5
(Sunflower)
G. max 0 0 <0.1 <0.5 7.0-12.0 2.0-55 19-30 0 0 48-65 5.0-10.0
(Soybean)
L. usitatissimum 0 0 <0.1 <0.5 2.0-9.0 2.0-5.0 8.0-60 0 0 40-80 <5.0
(Solin-Flax)
B. parkii 0 0 0 0 3.8-4.1 41.2-56.8  34.0-46.9 0 0 3.7-6.5 0
(Sheanut)

Fatty acyl-CoA/aldehyde reductases suitable for use with

both), one can tailor the oil generated by the microbe, which

the microbes and methods described herein include, without 3° may then be extracted from the aqueous biomass. For

limitation, those listed in Table 8.

TABLE 8

example, the microbe can contain: (i) an exogenous gene

Fatty acyl-CoA/aldehyde reductases listed by GenBank accession numbers.

AACAS5217,YP__ 047869, BAB85476, YP__ 001086217, YP__580344,YP_ 001280274,
YP_264583,YP_436109,YP_ 959769, ZP_ 01736962, ZP__ 01900335, ZP_ 01892096,
ZP_ 01103974, ZP_ 01915077, YP_924106,YP_ 130411, ZP_ 01222731, YP_ 550815,
YP_983712,YP_001019688,YP_ 524762, YP_ 856798, ZP_ 01115500, YP_ 001141848,
NP__336047, NP__ 216059, YP_ 882409, YP_ 706156, YP_ 001136150, YP_ 952365,

ZP_ 01221833, YP__ 130076, NP_ 567936, AAR®8762, ABK28586, NP__197634,

CAD30694, NP_ 001063962, BAD46254, NP__ 001030809, EAZ10132, EAZ43639,
EAZ07989, NP__001062488, CAB88537, NP__ 001052541, CAH66597, CAE02214,
CAH66590, CAB88538, EAZ39844, AAZ06658, CAA68190, CAAS52019, and

BAC84377

Acyl-ACP thioesterases are the terminators of higher plant
(and some microalgal species) fatty acid biosynthesis, and in
most plant species, this is carried out by members of the FatA
gene family, whose role is to terminate elongation at the
C16:0to C18:0 stage. In species that synthesize shorter chain
fatty acids (such as Cuphea, Elaeis, Myristica, or Umbellu-
laria), a different group of acyl-ACP thioesterases encoded
by FatB genes carry out this termination step.

Other suitable enzymes for use in the methods described
herein include those that have at least 70% amino acid iden-
tity with one of the proteins listed in Tables 6 and 8, and that
exhibit the corresponding desired enzymatic activity (e.g.,
cleavage of a fatty acid from an acyl carrier protein, reduction
of'an acyl-CoA to an aldehyde or an alcohol, or conversion of
an aldehyde to an alkane). In additional embodiments, the
enzymatic activity is present in a sequence that has at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, or at least about 99% identity
with one of the above described sequences, all of which are
hereby incorporated by reference.

By selecting the desired combination of exogenous genes
to be expressed (or endogenous genes to be inactivated or
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encoding a fatty acyl-ACP thioesterase; (ii) optionally, a natu-
rally co-expressed acyl carrier protein or an acyl carrier pro-
tein having affinity for the fatty acid acyl-ACP thioesterase;
(iii) a mutated endogenous desaturase gene, wherein the
mutation renders the desaturase gene or desaturase protein
inactive, such as a desaturase knockout; (iv) overexpression
of'an endogenous stearoyl acyl carrier protein desaturase or
the expression of a heterologous SAD; and (v) any combina-
tion of the foregoing.

Genes encoding such enzymes, such as fatty acyl ACP
thioesterases, can be obtained from cells already known to
exhibit significant lipid production such as Chlorella prototh-
ecoides. Genes already known to have a role in lipid produc-
tion, e.g., a gene encoding an enzyme that saturates double
bonds, can be transformed individually into recipient cells.
Methods for identifying genes that can alter (improve) lipid
production in microalgae are described in PCT Pub. No.
2008/151149, incorporated herein by reference.

Thus, in certain embodiments, the practice of the present
invention may utilize a Proftotheca or other microalgal or
other microbial cell that has been genetically engineered to
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express a lipid pathway enzyme at an altered level compared
to a wild-type cell of the same species. In some cases, the cell
produces more lipid compared to the wild-type cell when
both cells are grown under the same conditions. In some
cases, the cell has been genetically engineered and/or selected
to express a lipid pathway enzyme at a higher level than the
wild-type cell. In some cases, the lipid pathway enzyme is
selected from the group consisting of pyruvate dehydroge-
nase, acetyl-CoA carboxylase, acyl carrier protein, and glyc-
erol-3 phosphate acyltransferase. In some cases, the cell has
been genetically engineered and/or selected to express a lipid
pathway enzyme at a lower level than the wild-type cell. In
one embodiment in which the cell expresses the lipid pathway
enzyme at a lower level, the lipid pathway enzyme comprises
citrate synthase.

In some embodiments, the cell has been genetically engi-
neered and/or selected to express a global regulator of fatty
acid synthesis at an altered level compared to the wild-type
cell, whereby the expression levels of a plurality of fatty acid
synthetic genes are altered compared to the wild-type cell. In
some cases, the lipid pathway enzyme comprises an enzyme
that modifies a fatty acid. In some cases, the lipid pathway
enzyme is selected from a stearoyl-ACP desaturase and a
glycerolipid desaturase. In some cases, the cell has been
genetically engineered and/or selected to express a lower
level of a lipid pathway enzyme, or not to express a specific
lipid pathway enzyme at all (i.e., wherein a lipid pathway
enzyme has been knocked out or replaced with an exogenous
gene).

In other embodiments, practice of the present invention
utilizes an oil-producing microbe containing one or more
exogenous genes and/or one or more inactivated, endogenous
genes, wherein the exogenous or endogenous genes encode
protein(s) selected from the group consisting of a fatty acyl-
ACP thioesterase, a fatty acyl-CoA reductase, a fatty alde-
hyde reductase, a fatty acyl-CoA/aldehyde reductase, a fatty
aldehyde decarbonylase, a desaturase, and an acyl carrier
protein. In another embodiment, an endogenous desaturase
gene is overexpressed in a microbe containing one or more of
the above exogenous genes. In one embodiment, the exog-
enous gene is in operable linkage with a promoter, which is
inducible or repressible in response to a stimulus. In some
cases, the stimulus is selected from the group consisting of an
exogenously provided small molecule, heat, cold, and limited
or no nitrogen in the culture media. In some cases, the exog-
enous gene is expressed in or otherwise targeted to a cellular
compartment. In some embodiments, the cellular compart-
ment is selected from the group consisting of a chloroplast, a
plastid and a mitochondrion. In some embodiments the
microbe is Prototheca moriformis, Prototheca krugani, Pro-
totheca stagnora or Prototheca zopfii.

In one embodiment, the exogenous gene or inactivated
endogenous gene encodes a fatty acid acyl-ACP thioesterase.
In some cases, the thioesterase encoded by the exogenous or
inactivated endogenous gene catalyzes the cleavage of an 8 to
18-carbon fatty acid from an acyl carrier protein (ACP). In
some cases, the thioesterase encoded by the exogenous gene
or inactivated endogenous gene catalyzes the cleavage ofa 10
to 14-carbon fatty acid from an ACP. In one embodiment, the
thioesterase encoded by the exogenous gene or inactivated
endogenous gene catalyzes the cleavage of a 12-carbon fatty
acid from an ACP. In some embodiments, the thioesterase
encoded by the exogenous gene catalyzes the cleavage of a
16-18 carbon fatty acid from an ACP.

In one embodiment, the exogenous gene encodes a fatty
acyl-CoA/aldehyde reductase. In some cases, the reductase
encoded by the exogenous gene catalyzes the reduction of an
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8 to 18-carbon fatty acyl-CoA to a corresponding primary
alcohol. In some cases, the reductase encoded by the exog-
enous gene or inactivated endogenous gene catalyzes the
reduction of a 10 to 14-carbon fatty acyl-CoA to a corre-
sponding primary alcohol. In one embodiment, the reductase
encoded by the exogenous gene or inactivated endogenous
gene catalyzes the reduction of a 12-carbon fatty acyl-CoA to
dodecanol.

Practice of the methods described herein may utilize a
recombinant Prototheca (or other microalgal or microbial)
cell containing two exogenous genes (or two inactivated
endogenous genes), wherein a first exogenous gene or inac-
tivated endogenous gene encodes a fatty acyl-ACP
thioesterase and a second exogenous gene or inactivated
endogenous gene encodes a protein selected from the group
consisting of a fatty acyl-CoA reductase, a fatty acyl-CoA/
aldehyde reductase, and an acyl carrier protein. In some
cases, the two exogenous genes are each in operable linkage
with a promoter, which is inducible in response to a stimulus.
In some cases, each promoter is inducible in response to an
identical stimulus, such as limited or no nitrogen in the cul-
ture media. Limitation or complete lack of nitrogen in the
culture media stimulates oil production in some microorgan-
isms such as Prototheca and other microalgal and other
microbial species, and can be used as a trigger to induce oil
(lipid) production to high levels. When used in combination
with the genetic engineering methods disclosed herein, the
lipid as a percentage of dry cell weight can be pushed to high
levels such as at least 30%, at least 40%, at least 50%, at least
60%, at least 70% and at least 75%.

The novel oils (lipids) and dielectric fluids derived from
them disclosed herein are distinct from other naturally occur-
ring oils that are high in C16 and C18 fatty acids, such as
sunflower and canola oil.

In one embodiment, the thioesterase encoded by the first
exogenous gene catalyzes the cleavage of an 8 to 18-carbon
fatty acid from an ACP. Additionally, in those embodiments
where oils of longer chain length are desired, expression of
one or more shorter chain length (i.e., below C14, such as
C12, C10, and/or C8) TE and/or corresponding ACP genes is
reduced (via altering its expression) or eliminated (via a
knockout, for example).

In the various embodiments described above, the Prototh-
eca (or other microalgal or other microbial) cell can contain at
least one exogenous or at least one inactivated (or engineered
to reduce expression) endogenous gene encoding a lipid path-
way enzyme. In some cases, the lipid pathway enzyme is
selected from the group consisting of a stearoyl-ACP desatu-
rase, a fatty acid desaturase, a glycerolipid desaturase, a pyru-
vate dehydrogenase, an acetyl-CoA carboxylase, an acyl car-
rier protein, and a glycerol-3 phosphate acyltransferase. In
other cases, the Prototheca or other cell contains a lipid
modification enzyme selected from the group consisting of a
fatty acyl-ACP thioesterase, a fatty acyl-CoA/aldehyde
reductase, a fatty acyl-CoA reductase, a fatty aldehyde reduc-
tase, a fatty aldehyde decarbonylase, and/or an acyl carrier
protein.

VI. Production of Microbial Oil and Products
Derived Therefrom

1. Production of Microbial Oil

For the production of microbial oil in accordance with the
methods described herein, the raw, unprocessed oil (lipids)
produced by microbial cells is harvested, or otherwise col-
lected, by any convenient means. The oil can be isolated by
whole cell extraction, for example. In this method, the cells
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are first disrupted, and then intracellular and cell membrane/
cell wall-associated lipids and fatty acids as well as extracel-
Iular hydrocarbons can be separated from the cell mass, such
as by use of centrifugation as described above. Intracellular
lipids produced in microorganisms are, in many embodi-
ments, extracted after or during the process of lysing the
microbial cells.

More specifically, after completion of culturing, the micro-
organisms are typically separated from the fermentation
broth. Often, the separation is effected by centrifugation to
generate a concentrated paste of microbial biomass. The bio-
mass can then optionally be washed with a washing solution
(e.g., DI water) to get rid of the fermentation broth and debris.
Optionally, the washed microbial biomass may also be dried
(oven dried, lyophilized, etc.) prior to cell disruption. Alter-
natively, cells can be lysed without separation from some or
all of the fermentation broth when the fermentation is com-
plete. For example, the cells can be at a ratio of less than 1:1
v:v cells to extracellular liquid when the cells are lysed.

Microorganisms containing a lipid can be lysed to produce
a lysate. As detailed herein, the step of lysing a microorgan-
ism (also referred to as cell lysis) can be achieved by any
convenient means, including heat-induced lysis, adding a
base, adding an acid, using enzymes such as proteases and
polysaccharide degradation enzymes such as amylases, using
ultrasound, mechanical lysis, using osmotic shock, infection
with a lytic virus, and/or expression of one or more lytic
genes. Lysis is performed to release intracellular molecules
which have been produced by the microorganism. Each of
these methods for lysing a microorganism can be used as a
single method or in combination simultaneously or sequen-
tially. The extent of cell disruption can be observed by micro-
scopic analysis. Using one or more of the methods described
herein, typically more than 70% cell breakage is observed.
Preferably, cell breakage is more than 80%, more preferably
more than 90% and most preferred about 100%.

In particular embodiments, the microorganism is lysed
after growth, for example to increase the exposure of micro-
bial oil for extraction or further processing. If an exogenous
lipase gene is being utilized, the timing of lipase expression
(e.g., via an inducible promoter) or cell lysis can be adjusted
to optimize the yield of lipids and/or hydrocarbons. A number
of'lysis techniques are described below. These techniques can
be used individually or in combination.

In one embodiment of the present invention, the step of
lysing a microorganism comprises heating of a cellular sus-
pension containing the microorganism. In this embodiment,
the fermentation broth containing the microorganisms (or a
suspension of microorganisms isolated from the fermentation
broth) is heated until the microorganisms, i.e., the cell walls
and membranes of microorganisms, degrade or breakdown.
Typically, temperatures applied are at least 50° C. Higher
temperatures, such as at least 30° C., at least 60° C., at least
70° C., at least 80° C., at least 90° C., at least 100° C., at least
110° C., atleast 120° C., or at least 130° C. or higher, are used
for more efficient cell lysis. Lysing cells by heat treatment can
be performed by boiling the microorganism. Alternatively,
heat treatment (without boiling) can be performed in an auto-
clave. The heat treated lysate may be cooled for further treat-
ment. Cell disruption can also be performed by steam treat-
ment, i.e., through addition of pressurized steam. Steam
treatment of microalgae for cell disruption is described, for
example, in U.S. Pat. No. 6,750,048. In some embodiments,
steam treatment may be achieved by sparging steam into the
fermentor and maintaining the broth at a desired temperature
for less than about 90 minutes, preferably less than about 60
minutes, and more preferably less than about 30 minutes.
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In another embodiment of the present invention, the step of
lysing a microorganism comprises adding a base to a cellular
suspension containing the microorganism. The base should
be strong enough to hydrolyze at least a portion of the pro-
teinaceous compounds of the microorganisms used. Bases
which are useful for solubilizing proteins are known in the art
of chemistry. Exemplary bases which are useful in embodi-
ments of the methods of the present invention include, but are
not limited to, hydroxides, carbonates and bicarbonates of
lithium, sodium, potassium, calcium, and mixtures thereof. A
preferred base is KOH. Base treatment of microalgae for cell
disruption is described, for example, in U.S. Pat. No. 6,750,
048.

In another embodiment of the present invention, the step of
lysing a microorganism comprises adding an acid to a cellular
suspension containing the microorganism. Acid lysis can be
effected using an acid at a concentration of 10-500 mN or
preferably 40-160 nM. Acid lysis is preferably performed at
above room temperature (e.g., at 40-160°, i.e., a temperature
of) 50-130°. For moderate temperatures (e.g., room tempera-
ture to 100° C. and particularly room temperature to 65°),
acid treatment can usefully be combined with sonication or
other cell disruption methods.

In another embodiment of the present invention, the step of
lysing a microorganism comprises lysing the microorganism
by using an enzyme. Preferred enzymes for lysing a micro-
organism are proteases and polysaccharide-degrading
enzymes such as hemicellulase (e.g., hemicellulase from
Aspergillus niger; Sigma Aldrich, St. Louis, Mo.; #H2125),
pectinase (e.g., pectinase from Rhizopus sp.; Sigma Aldrich,
St. Louis, Mo.; #P2401), Mannaway 4.0 . (Novozymes),
cellulase (e.g., cellulose from Trichoderma viride; Sigma
Aldrich, St. Louis, Mo.; #C9422), and driselase (e.g., drise-
lase from Basidiomycetes sp.; Sigma Aldrich, St. Louis, Mo.;
#D9515).

In other embodiments of the present invention, lysis is
accomplished using an enzyme such as, for example, a cel-
Iulase such as a polysaccharide-degrading enzyme, option-
ally from Chlorella or a Chlorella virus, and/or a protease,
such as Streptomyces griseus protease, chymotrypsin, pro-
teinase K, proteases listed in Degradation of Polylactide by
Commercial Proteases, Oda Y et al., Journal of Polymers and
the Environment, Volume 8, Number 1, January 2000, pp.
29-32(4), Alcalase 2.4 FG (Novozymes), and Flavourzyme
100 L. (Novozymes). Any combination of a protease and a
polysaccharide-degrading enzyme can also be used, includ-
ing any combination of the preceding proteases and polysac-
charide-degrading enzymes.

In another embodiment, lysis can be performed using an
expeller press. In this process, biomass is forced through a
screw-type device at high pressure, lysing the cells and caus-
ing the intracellular lipid to be released and separated from
the protein and fiber (and other components) in the cell.

In another embodiment of the present invention, the step of
lysing a microorganism is performed by using ultrasound,
i.e., sonication. Thus, cells can also by lysed with high fre-
quency sound. The sound can be produced electronically and
transported through a metallic tip to an appropriately concen-
trated cellular suspension. This sonication (or ultrasonica-
tion) disrupts cellular integrity based on the creation of cavi-
ties in cell suspension.

In another embodiment of the present invention, the step of
lysing a microorganism is performed by mechanical lysis.
Cells can be lysed mechanically and optionally homogenized
to facilitate hydrocarbon (e.g., lipid) collection. For example,
a pressure disrupter can be used to pump a cell containing
slurry through a restricted orifice valve. High pressure (up to
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1500 bar) is applied, followed by an instant expansion
through an exiting nozzle. Cell disruption is accomplished by
three different mechanisms: impingement on the valve, high
liquid shear in the orifice, and sudden pressure drop upon
discharge, causing an explosion of the cell. The method
releases intracellular molecules. Alternatively, a ball mill can
be used. In a ball mill, cells are agitated in suspension with
small abrasive particles, such as beads. Cells break because of
shear forces, grinding between beads, and collisions with
beads. The beads disrupt the cells to release cellular contents.
Cells can also be disrupted by shear forces, such as with the
use of blending (such as with a high speed or Waring blender
as examples), the french press, or even centrifugation in case
of weak cell walls, to disrupt cells.

In another embodiment of the present invention, the step of
lysing a microorganism is performed by applying an osmotic
shock (i.e., suspending the microorganism cells in a hypo-
tonic solution).

In another embodiment of the present invention, the step of
lysing a microorganism comprises infection of the microor-
ganism with a lytic virus. A wide variety of viruses are known
to lyse microorganisms suitable for use in the methods
described herein, and the selection and use ofa particular lytic
virus for a particular microorganism is within the level of skill
in the art. For example, paramecium bursaria chlorella virus
(PBCV-1) is the prototype of a group (family Phycodnaviri-
dae, genus Chlorovirus) of large, icosahedral, plaque-form-
ing, double-stranded DNA viruses that replicate in, and lyse,
certain unicellular, eukaryotic chlorella-like green algae.
Accordingly, any susceptible microalgae can be lysed by
infecting the culture with a suitable chlorella virus. Methods
of infecting species of Chlorella with a chlorella virus are
known. See for example Adv. Virus Res. 2006; 66:293-336;
Virology, 1999 Apr. 25; 257(1):15-23; Virology, 2004 Jan. 5;
318(1):214-23; Nucleic Acids Symp. Ser. 2000; (44):161-2; J.
Virol. 2006 March; 80(5):2437-44; and Annu. Rev. Microbiol.
1999; 53:447-94.

In another embodiment of the present invention, the step of
lysing a microorganism comprises autolysis. In this embodi-
ment, a microorganism is genetically engineered to produce a
Iytic protein that will lyse the microorganism. This lytic gene
can be expressed using an inducible promoter so that the cells
can first be grown to a desirable density in a fermentor,
followed by induction of the promoter to express the lytic
gene to lyse the cells. In one embodiment, the lytic gene
encodes a polysaccharide-degrading enzyme. In certain other
embodiments, the lytic gene is a gene from a lytic virus. Thus,
for example, a lytic gene from a Chlorella virus can be
expressed in an algal cell; see Virology 260, 308-315 (1999);
FEMS Microbiology Letters 180 (1999) 45-53; Virology 263,
376-387 (1999); and Virology 230, 361-368 (1997). Expres-
sion of lytic genes is preferably done using an inducible
promoter, such as a promoter active in microalgae that is
induced by a stimulus such as the presence of a small mol-
ecule, light, heat, and other stimuli.

Various methods are available for separating lipids from
cellular lysates produced by the above methods. For example,
lipids and lipid derivatives such as fatty aldehydes, fatty alco-
hols, and hydrocarbons such as alkanes can be extracted with
a hydrophobic solvent such as hexane (see Frenz et al. 1989,
Enzyme Microb. Technol., 11:717). Lipids and lipid deriva-
tives can also be extracted using liquefaction (see for example
Sawayama et al. 1999, Biomass and Bioenergy 17:33-39 and
Inoue et al. 1993, Biomass Bioenergy 6(4):269-274); oil lig-
uefaction (see for example Minowa et al. 1995, Fuel 74(12):
1735-1738); and supercritical CO, extraction (see for
example Mendes et al. 2003, Inorganica Chimica Acta 356:
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328-334). Miao and Wu describe a protocol of the recovery of
microalgal lipid from a culture of Chlorella prototheocoides
in which the cells were harvested by centrifugation, washed
with distilled water and dried by freeze drying. The resulting
cell powder was pulverized in a mortar and then extracted
with n-hexane. Miao and Wu, Biosource Technology (2006)
97:841-846.

Thus, lipids, lipid derivatives and hydrocarbons generated
by the microorganisms described herein can be recovered by
extraction with an organic solvent. In some cases, the pre-
ferred organic solvent is hexane. Typically, the organic sol-
vent is added directly to the lysate without prior separation of
the lysate components. In one embodiment, the lysate gener-
ated by one or more of the methods described above is con-
tacted with an organic solvent for a period of time sufficient to
allow the lipid and/or hydrocarbon components to form a
solution with the organic solvent. In some cases, the solution
can then be further refined to recover specific desired lipid or
hydrocarbon components. Hexane extraction methods are
well known in the art.

Other methods for extracting lipids from microorganisms
are described in PCT application No. U.S. Ser. No. 10/031,
108, incorporated herein by reference.

Lipids and lipid derivatives such as fatty aldehydes, fatty
alcohols, and hydrocarbons such as alkanes produced by cells
as described herein can be modified by the use of one or more
enzymes, including a lipase. When the hydrocarbons are in
the extracellular environment of the cells, the one or more
enzymes can be added to that environment under conditions
in which the enzyme modifies the hydrocarbon or completes
its synthesis from a hydrocarbon precursor. Alternatively, the
hydrocarbons can be partially, or completely, isolated from
the cellular material before addition of one or more catalysts
such as enzymes. Such catalysts are exogenously added, and
their activity occurs outside the cell or in vitro.

2. Further Processing of Microbial Oil

Thus, lipids and hydrocarbons produced by cells in vivo, or
enzymatically modified in vitro, as described herein can be
optionally further processed by conventional means. The pro-
cessing can include “cracking” to reduce the size, and thus
increase the hydrogen:carbon ratio, of hydrocarbon mol-
ecules. Catalytic and thermal cracking methods are routinely
used in hydrocarbon and triglyceride oil processing. Catalytic
methods involve the use of a catalyst, such as a solid acid
catalyst. The catalyst can be silica-alumina or a zeolite, which
result in the heterolytic, or asymmetric, breakage of a carbon-
carbon bond to result in a carbocation and a hydride anion.
These reactive intermediates then undergo either rearrange-
ment or hydride transfer with another hydrocarbon. The reac-
tions can thus regenerate the intermediates to result in a
self-propagating chain mechanism. Hydrocarbons can also
be processed to reduce, optionally to zero, the number of
carbon-carbon double, or triple, bonds therein. Hydrocarbons
can also be processed to remove or eliminate a ring or cyclic
structure therein. Hydrocarbons can also be processed to
increase the hydrogen:carbon ratio. This caninclude the addi-
tion of hydrogen (“hydrogenation”) and/or the “cracking” of
hydrocarbons into smaller hydrocarbons.

Once lipids are extracted, the lipids can be, in accordance
with the methods described herein, put through one or more
processing steps. These processing steps are distinct from
refining steps performed on crude oil (e.g., petroleum and
other sources) when producing fuels. These processing steps
are in some aspects comparable to those performed on seed
oils during production for human consumption. In some
embodiments, the extracted lipids are degummed to extract
lecithin and other phospholipids. In other embodiments, the
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extracted lipids are refined using a base or alkaline metal. In
still other embodiments, the extracted lipids are passed
through a bleaching clay, usually an acidic clay. In other
embodiments, the extracted lipids are deodorized to eliminate
or reduce volatile impurities such as aldehydes and ketones.
In still other embodiments, the extracted lipids are winterized
to eliminate or reduce waxes or saturated fats. The foregoing
processing steps can be performed in any and all combina-
tions on the extracted lipids, depending on the characteristics
of'the desired product. Extracted lipids that have been refined
(e.g., with a base or alkaline metal), bleached (e.g., with a
bleaching clay) and/or deodorized is usually referred to as
RBD oil. RBD oil produced from extracted lipids from
microalgae and/or oleaginous yeast described herein are use-
ful in a variety of industrial applications, including the pro-
duction of dielectric fluids.

Insome embodiments, degumming is performed to remove
contaminants such as phospholipids from the oil. In some
embodiments of the invention, degumming of the extracted
oil is part of the refining, bleaching and deodorizing (or
RBD). The RBD process eliminates or reduces the odor, color
and/or taste of the extracted oil. In some embodiments, the
refining process usually consists of two steps, degumming
and a neutralization step that removes the free fatty acids
(FFA) in the oil through caustic stripping with sodium
hydroxide. The bleaching step may involve mixing the oil
with various bleaching clays to absorb color, trace metals and
sulfur compounds. The deodorizing step may be a distillation
process that occurs at low pressure and high temperature. In
an illustrative distillation process, the oil is put under a
vacuum and heated with steam to remove any leftover taste or
odors and FFAs. Deodorizing can also be achieved by treat-
ment with activated charcoal.

The above-recited steps can serve to reduce the pour point.
In various embodiments, the pour point of the microbial oil
(lipid) can be reduced to about —-10 degrees C., about -15
degrees C., about —20 degrees C., about -25 degrees C., about
30 degrees C., about =35 degrees C., or about —-40 degrees C.
In addition, the pour point of the microbial oil can fall within
any range bounded by any of these values, e.g., about —10
degrees C. to 40 degrees C. or about —15 degrees C. to about
-35 degrees C., etc. The reduction in pour point may occur
because these steps reduce the relative proportion of the satu-
rated fraction, which consists primarily of palmitic and
stearic triglycerides, known as the stearin fraction. Fraction-
ating the oil reduces the saturated triglycerides concentration
of the oil. Fractionation may be accomplished by dry frac-
tionation, as in the winterizing process known in the veg-
etable oil industry. In this process, the microbial (e.g., algal)
oil is first refined, bleached and deodorized by methods simi-
lar to those used in the vegetable oil industry. This results in
oil with a pour point in the range of -5 to —10 degrees C., for
example -8 degrees C.

The temperature of the RBD oil may then lowered in a
controlled manner until crystal nuclei are formed. The oil
may then be then held at that crystallization temperature for
several hours to facilitate growth of the crystals. The crystals
are then removed by filtration to result in two fractions: a solid
phase containing some or most of the stearin fraction, and a
liquid phase containing mostly the olein fraction. This results
in oil with a pour point in the range of -8 to —15 degrees C.,
for example —11 degrees C. The liquid phase can be subjected
to fractionation again to a lower crystallization temperature to
effect a further removal of stearin. The resulting purified
liquid fraction, equivalent to a super olein, as commonly
known in the vegetable oil industry, has better thermal prop-
erties than the native microbial oil. For example, a second
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fractionation can result in oil with a pour point in the range of
-15 degrees to —25 degrees C., for example -20 degrees C.
The resulting oil is exceptionally useful in a variety of appli-
cations, including, importantly food applications, in which
the microbial oil can be used as a cheaper, and often healthier,
replacement, in whole or in part, of animal and vegetable oils.

3. Products Derived from Microbial Oils

Microbial oils described herein can also be used to produce
products, such as lubricants, hydraulic fluids, industrial oils,
or dielectric fluids. Common industrial oils include chainsaw
bar lubricants, metal working fluids, food grade lubricants,
gear oils, marine oils, engine lubricants, tractor oils, agricul-
tural equipment lubricants, elevator oils, mould release oils,
and the like. Dielectic fluids are typically used to cool and/or
electrically insulate electrical components (especially in high
voltage electrical power distribution equipment), such as, for
example, autoreclosers, capacitors, circuit breakers, high
voltage fluid-filled transmission cables, power distribution
components, switching gear (e.g., a high-voltage loadbreak
switch, such as those described in U.S. Pat. No. 6,797,909),
transformers, transmission components, and voltage regula-
tors.

Traditional dielectric fluids include the mineral oil-based
lubricants. These include the Group L, II, and II+ base oils,
which are petroleum base oils that have been conventionally
refined or mildly hydrotreated and have a viscosity index (VI)
of less than 120. These also include the Group III base oils
(including “synthetic motor 0il” in the US) that are highly
refined conventional oil products. The Group III base oils can
be made by hydroprocessing (hydrocracking and/or hydroi-
somerizing) Group I or Group II/11+ base oils and contain less
saturates, sulfur, and nitrogen than the Group I, I1, or 1+ base
oils and have a VI greater than 120. The American Society of
Testing and Materials (ASTM) establishes specifications for
dielectric fluids and other hydrocarbon compositions (such as
diesel fuel (ASTM D975), jet fuel (ASTM D1655), and
biodiesel (ASTM D6751)) according to any of a number of
factors, such as the boiling point, cetane number, cloud point,
flash point, viscosity, aniline point, sulfur content, water con-
tent, ash content, copper strip corrosion, and carbon residue.

Bio-based dielectric fluids can be prepared by a variety of
processes. For example, one process, starting with crude veg-
etable oil involves the steps of degumming, alkali refining,
bleaching, deodorizing, hydrogenating, winterizing (to yield
RBD vegetable oil), treating with clay to remove trace polar
compounds and acidic materials (see U.S. Pat. No. 6,274,
067), and combining with additives to produce bio-based
dielectric fluids.

Key properties of dielectric fluids include viscosity, flam-
mability, reactivity, miscibility, electrical insulating capabil-
ity, biodegradability, and cost of manufacture. While these
and other properties are reviewed below, the reader can better
appreciate some of the advantages of certain embodiments of
the present invention by understanding some of the advan-
tages and disadvantages of traditional bio-based dielectric
fluids over mineral oil-based dielectric fluids. For viscosity,
bio-based dielectric fluids generally have a higher viscosity
and pour point, and thus poorer low temperature properties
relative to mineral oil-based dielectric fluids. However, the
viscosity of the latter may vary from lot to lot due to the
inconsistency between and complexity of the compounds in
various sources of mineral oil. Bio-based dielectric fluids
generally have higher flash and fire points (by at least two
fold) relative to mineral-oil based dielectric fluids. Bio-based
dielectric fluids generally have inferior hydrolytic, thermal,
and oxidative stability, and a higher acid number (by about
two fold) relative to mineral-oil based dielectric fluids. Bio-
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based dielectric fluids generally are more biodegradable and
have lower toxicity relative to mineral-oil based dielectric
fluids and are made from a renewable, as opposed to non-
renewable, resource. Bio-based dielectric fluids generally
cost more to produce and require more additives relative to
mineral-oil based dielectric fluids.

The methods of the present invention provide new dielec-
tric fluids that, in certain embodiments, have all of the advan-
tages of traditional bio-based dielectric fluids with fewer, and
in some embodiments, none of, the disadvantages. These and
other advantages of the present methods can be better appre-
ciated after consideration of the following discussion of the
general properties of dielectric fluids.

Ideally, the viscosity of a dielectric fluid should vary as
little as possible with temperature. Viscosity is a measure of
the resistance of a fluid to flow or shear (“thickness”) and is
measured in kinematic (kv) and absolute (dynamic) (cSt or
mm?/s @ 40 and 100° C.). (ASTM D2270-04; ASTM D445;
ASTM D88). Generally, the least viscous lubricant which
adequately forces two moving surfaces apart is desired. Vis-
cosity is sometimes considered the most important character-
istic of a hydraulic fluid. If the viscosity is too high, then
friction, pressure drop, power consumption, and heat genera-
tion increase. If the viscosity is too low, then increased inter-
nal leakage may result under higher operating temperatures.
The oil film may be insufficient to prevent excessive wear or
possible seizure of moving parts. [llustrative viscosities (in
cStunits) of dielectric fluid derived from various sources are:
mineral oil-derived: 20 at 40° C. and 4 at 100° C.; soybean
oil-derived: 30 at 40° C. and 7.6 at 100° C.; sunflower oil-
derived: 40 at40° C. and 8.7 at 100° C.; and rapeseed (canola)
oil-derived: 33 at 40° C. (Siniawski et al.; J. Synthetic Lubri-
cation; 24, 101-110 (2007); Schneider; J. Sci. Food Agric.,
86, 1769-1780 (2006)). The methods of the present invention
can, in particular embodiments, provide dielectric fluids hav-
ing viscosities similar to those of dielectric fluids derived
from the foregoing sources. In illustrative embodiments, the
dielectric fluid has a viscosity at 40° C. of less than about 110
cSt, e.g., in the range of 20-30 ¢St and/or a viscosity at 100°
C. in the range of about 2 to about 15 ¢St, e.g., 4-8 cSt.

The viscosity index (V1, a unitless number) is a measure-
ment of the variation in viscosity with variation of tempera-
ture. For VI, one compares the kv of oil at 40° C. to two
reference oils (with VI’s of 0 and 100), where all oils have the
same kv at 100° C. (ASTM D2270). The VI value generally
should be as high as possible. High VI values indicate the
viscosity of the oil changes little with temperature. In general:
alow VIis below 35; amedium V1is 35 to 80; a high V1is 80
to 110; a very high VIis 110 to 125; a super VI is 125 to 160;
and a super high VI is equal to or greater than 160. VIs of
dielectric fluids derived from various starting materials
include: mineral oil-derived: 103; soybean oil-derived: 246;
and sunflower oil-derived: 206. (Siniawski et al.; J. Synthetic
Lubrication; 24,101-110 (2007)). The methods of the present
invention can, in particular embodiments, provide dielectric
fluids having VIs similar to those of dielectric fluids derived
from the foregoing sources.

The pour point is the lowest temperature at which a liquid
will pour or flow (° C.) (ASTM D97). The pour point should
be at least 10° C. lower than the lowest anticipated ambient
temperature at which the dielectric fluid is to be used. The
pour points of dielectric fluids derived from various starting
materials include: mineral oil-derived: —50° C.; soybean oil-
derived: —-9° C.; sunflower oil-derived: —-12° C.; and rapeseed
(canola) oil-derived: -21° C. (Siniawski et al.; J. Synthetic
Lubrication; 24, 101-110 (2007)). The methods of the present
invention can, in particular embodiments, provide dielectric
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fluids having pour points similar to those of dielectric fluids
derived from the foregoing sources. In various embodiments,
the pour point of a microbial oil-based dielectric fluid can be
about -10 degrees C., about —15 degrees C., about -20
degrees C., about -25 degrees C., about 30 degrees C., about
-35 degrees C., or about —40 degrees C. In addition, the pour
point of the microbial oil-based dielectric fluid can fall within
any range bounded by any of these values, e.g., about —10
degrees C. to =40 degrees C. or about —15 degrees C. to about
-35 degrees C., etc.

For example, and as described above, RBD oil produced in
accordance with the methods described herein can readily be
produced with pour points of approximately —-8° C. or lower.
This pour point can be further lowered by admixing the RBD
oil with a pour point depressant to achieve oils with pour
points in the range of -15 to -20° C. or lower based on the
amount of pour point depressant added to the oil. The olein
fraction from a single fractionation readily produces oil with
a pour point of about -11° C., which can be lowered by
admixing the olein fraction with a pour point depressant to
achieve oils with pour points in the range of =16 to —=20° C. or
lower based on the amount of pour point depressant added to
the oil. The olein fraction from a second fractionation (“super
olein”) readily produces oil with a pour point of approxi-
mately -20° C., which can be lowered by admixing the super
olein fraction with a pour point depressant to achieve oils with
pour points below —20° C., i.e., =26° C. or lower based on the
amount of pour point depressant added to the oil. A wide
variety of pour point depressants are available commercially
from Chevron, Oronite, Infineum, General Electric, Rohm-
Max Evonik, and others. Illustrative pour point depressants
for use with the microbial oils (lipids) described herein
include VISCOPLEX® 10-310 or 1-133 (Rohmax-Evonik
Additives GmbH), or other poly(alkyl)acrylates and poly(m-
ethyl)acrylates such as INFINEUM® V-351 (Infineum UK
limitied), PMA-D110 and PMA D.

The lubricity (anti-wear properties) of a dielectric fluid is
important, as premature wear occurs when the fluid viscosity
is insufficient and the fluid film does not prevent surface
contact (ASTM D2882). In some embodiments, the methods
of'the present invention provide dielectric fluids having good
lubricity (equivalent or better than ASTM D2882).

The volatility, or the tendency for an oil to vaporize (atm
vapor vs. © C.), is also important for a dielectric fluid. Gen-
erally, lower volatility is preferred. In some embodiments, the
methods of the present invention can provide dielectric fluids
having volatility as low as and even lower than mineral oil-
based and traditional bio-based dielectric fluids.

The flammability of the dielectric fluid is important. Gen-
erally, lower flammability is preferred (see “Bio-Based
Lubricants: A Market Opportunity Study Update” United
Soybean Board, November 2008, Omni Tech International,
Ltd., www.soynewuses.org/downloads/reports/BioBasedLu-
bricantsMarketStudy.pdf). The methods of the present inven-
tion can, in particular embodiments, provide dielectric fluids
having flammability as low and even lower than mineral
oil-based and traditional bio-based dielectric fluids.

The flash point is the lowest temperature (° C.) at which an
oil vaporizes to form an ignitable mixture in air. ASTM
D3278, D3828, D56, and D93 describe flash point specifica-
tions suitable for dielectric fluids. To prevent ignition of the
oil, the flash point should generally be as high as possible.
Flash points of dielectric fluids derived from various sources
include: mineral oil-derived: 147° C.; and TAGs-derived
(typical): 324° C. (New Safety Dielectric Coolants for Dis-
tribution and Power Transformers, www.cooperpower.com/
Library/pdf/00048.pdf) In some embodiments, the methods
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of the present invention can provide dielectric fluids having
flash points similar to those of dielectric fluids derived from
the foregoing sources and equal to or higher than ASTM
D1310 and ASTM D92 specifications.

The fire point is lowest temperature (° C.) at which an oil
will continue to burn for at least 5 seconds after ignition by an
open flame. ASTM D1310 and ASTM D92 describe fire point
specifications suitable for dielectric fluids. To prevent igni-
tion of the oil, the fire point should be as high as possible. Fire
points of dielectric fluids derived from various sources
include: mineral oil-derived: 165° C.; and TAGs-derived
(typical): 360° C. (New Safety Dielectric Coolants for Dis-
tribution and Power Transformers, www.cooperpower.com/
Library/pdf/00048.pdf) In some embodiments, the methods
of the present invention can provide dielectric fluids having
fire points similar to those of dielectric fluids derived from the
foregoing sources and equal to or higher than ASTM D1310
and ASTM D92 specifications. In some embodiments, that
fire point is above 300° C., e.g., 300° C. to 450° C.

The reactivity of a dielectric fluid is important; the dielec-
tric fluid should not react (or should have a low reactivity)
with acids/bases, heat, and air.

Hydrolytic reactivity refers to the susceptibility of fluid to
decomposition in the presence of acids or bases. ASTM
D2619 and ASTM D943 describe hydrolytic reactivity suit-
able for dielectric fluids. In TAGs, the susceptible functional
groups are the esters and acid/base susceptible functional
groups. The methods of the present invention can, in particu-
lar embodiments, provide dielectric fluids having low hydro-
Iytic reactivity (equivalent or better than ASTM D2619 and/
or ASTM D943).

Thermal stability refers to the susceptibility of a dielectric
fluid to thermal decomposition. In bio-oil-derived dielectric
fluids, thermal instability is typically due to the $-hydrogens
on glycerol, ultimately resulting in elimination products. The
methods of the present invention can, in particular embodi-
ments, provide dielectric fluids having high thermal stability
(equal to or greater than that of traditional bio-oil-derived
dielectric fluids).

Oxidative susceptibility refers to the susceptibility of a
dielectric fluid to reaction with oxygen to form oxidation
products. ASTM D943 and ASTM D2272 describe oxidative
stability suitable for dielectric fluids. Low susceptibility to
oxidation is desired; higher values indicate more oxidative
lubricants. In certain embodiments, the methods of the
present invention can, in particular embodiments, provide
dielectric fluids having low oxidative susceptibility (e.g.,
ASTM D943 or ASTM D2272).

The neutralization number (acid value/acid number) is a
measure of the amount of acid in an oil or dielectric fluid.
Acids are formed as oils (or dielectric fluids) oxidize with age
and service. Acids arise in bio-based lubricants from oxida-
tion, ester thermolysis, or acid/base hydrolysis. ASTM D947,
ASTM D3487, and ASTM D6871 describe neutralization
numbers suitable for dielectric fluids. Generally, the acid
value should be as low as possible. The acid number for
standard mineral oil is 0.03 and for bio-based oil is 0.06.
(Ester Transformer Fluids, IEEE/PES Transformer Commit-
tee Meeting, Oct. 7, 2003, www.transformerscommittee.org/
info/FO3/F03-EsterFluids.pdf). The methods of the present
invention can, in particular embodiments, provide dielectric
fluids having low acid numbers (e.g., ASTM D947, ASTM
D3487, or ASTM D6871).

Miscibility refers to the ability of a fluid to mix with other
fluids. Ideally, a dielectric fluid should mix well with other
lubricants, fluids, and additives but not with water. Demulsi-
bility refers to how well a hydraulic fluid resists mixing with
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water. Demulsibility is optimal in a dielectric fluid. Miscibil-
ity with desired lubricants and additives is optimal in a dielec-
tric fluid. In certain embodiments, the methods of the present
invention can, in particular embodiments, provide dielectric
fluids with good miscibility and demulsibility.

Dielectric fluids should have good electrical insulation
properties, i.e., they should prevent dissipation of electrical
current. Insulation power factor tests are conducted on trans-
formers to measure dielectric losses (measured in %). This
value reports on the condition of the transformer-wetness,
dryness, deterioration of insulation, condition of the wind-
ings, barriers, tap changers, bushings and oil. The power
factor values associated with a dielectric fluid should be as
low as possible, typically 0.5% or less. For example, the
power factor of new oil shipped from a refinery should be no
more than 0.05% at 25° C. and no more than 0.3% at 100° C.
(IEEE Guideline C57, 106-1991 as cited in www.nttworld-
wide.com/tech2209.htm). For new oil in new equipment
operating at or below 69 kV, the power factor should be no
more than 0.15% at 25° C. and no more than 1.5% at 100° C.;
operating at 69 kV to at or below 288 kV, the power factor
should be no more than 0.10% at 25° C. and no more than
1.0% at 100° C.; operating at 345 kV or higher, the power
factor should be no more than 0.05% at 25° C. and no more
than 0.3% at 100° C. New oil for circuit breakers should have
a power factor of no more than 0.05% at 25° C. and no more
than 0.3% at 100° C. Oil used in circuit breakers should not
have a power factor above 1.0% at 25° C. Certain embodi-
ments of the methods of the present invention provide dielec-
tric fluids with favorable power factor requirements.

The dielectric strength refers to the maximum electric field
strength the dielectric fluid (electrical insulator) can resist
before breaking down. The dielectric strength is measured in
units of MV/m, (relative permittivity), and ASTM D877 pro-
vides specifications suitable for dielectric fluids. Foruse as an
electrical insulator, the dielectric strength of the lubricant
should be as high as possible. The methods of the present
invention can, in particular embodiments, provide dielectric
fluids with dielectric strengths equal or superior to those
specified by ASTM D877.

The dissipation factor is a measure of electrical loss due to
the dielectric fluid when used as an electrical insulator and is
measured in % units at 25° C. ASTM D924 provides specifi-
cations suitable for dielectric fluids. As an electrical insulator,
the dissipation factor value should be as low as possible. In
certain embodiments, the methods of the present invention
provide dielectric fluids with dissipation factors equal or
superior to those specified by ASTM D924.

The electrical conductivity is a measure of a dielectric
fluid’s ability, when used as an electrical insulator, to conduct
an electrical current and is measured in units of S'm™". ASTM
D2624 provides specifications suitable for dielectric fluids.
As an insulator, the electrical conductivity value of the dielec-
tric fluid should be as low as possible. The embodiments of
the methods of the present invention provide dielectric fluids
with favorable electrical conductivity compared to those
specified by ASTM D2624.

For use in electrical transformers and other applications,
the thermal properties of the dielectric fluid should be such
that heat is efficiently transferred. Specific heat refers to the
thermal capacity of a substance and is measured in units of
cal/gm/® C. ASTM D-2766 provides specifications suitable
for dielectric fluids. Higher specific heat values enable more
efficient heat transfer and cooling. Specific heat values for
mineral oil-derived dielectric fluids are generally about 0.39
and for TAGs-derived dielectric fluids about 0.45. (Safety
Dielectric Coolants for Distribution and Power Transformers,
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www.cooperpower.con/Library/pdf/00048.pdf). Methods in
accordance with embodiments of the present invention may
provide dielectric fluids with specific heat values equal or
higher to 0.39 and/or that meet ASTM D2624 specifications.

The environmental properties of a dielectric fluid are
important. Generally, one should employ dielectric fluids
selected so as to mitigate the environmental effects of a spill
or other accident. Biodegradability refers to the property of a
dielectric fluid to decompose into carbon dioxide and water in
the environment and is generally measured in units of % per
28 days. OECD 301B and ASTM D-6046 provide biodegrad-
ability specifications suitable for dielectric fluids. Readily
biodegradable biodegradability values are generally ~100%;
inherently biodegradable biodegradability values are gener-
ally 20-70%; and non-biodegradable biodegradability values
are generally negligible to 0%. Mineral oil-derived dielectric
fluids generally have biodegradability values in the range of
15-35%, and bio-oil-derived dielectric fluids generally have
biodegradability values in the range of 70-100%. Certain
embodiments of the methods of the present invention may
provide dielectric fluids with biodegradability values in the
range of 70-100% (see Renewable Lubricants Manual: Bio-

based Oils, Fluids, & Greases www.renewablelubri-
cants.com/RenewablelubricantsManual_Bio-

degradable html

#Introduction).

The iodine value (or iodine number) is a measure of the
degree of unsaturation on an oil. More specifically, the iodine
value is the mass of iodine that is consumed by the unsatur-
ated bonds in an oil. Drying oils have relatively high iodine
values ofabout 175 or higher. Soybean oils are about 130, and
olive oils have iodine values of about 80. Iodine values are
routinely determined in the art. Standard methods to deter-
mine iodine values include ASTM D5768-02 (2006) and DIN
53241.Invarious embodiments, a microbial oil in a microbial
oil-based product, e.g., a dielectric fluid, can have an iodine
value of between about 25 and about 200, e.g., about 50, about
75, about 100, about 125, about 150, or about 175. Further-
more, the iodine value can be within any range bounded by
any of these values, e.g., about 25 to about 175, about 50 to
about 200, about 50 to about 175, etc.

Fatty acid unsaturation can also be altered. Increasing
unsaturation decreases freezing/pour points. Monounsatura-
tion, such as that seen in high oleic acid bio-lubricants, is
currently optimal and represents a balance between pour
point and oxidative reactivity. Monounsaturated oils react
with air, but much more slowly than poly-unsaturated FAs or
PUFAs. Examples of PUFAs include arachidonic acid
(ARA), eicosapentaenoic acid (EPA), and docosahexaenoic
acid (DHA). Di- and poly-unsaturated FAs are highly suscep-
tible to oxidation and unsuitable for electrical applications.
One problem with dielectric fluids derived from vegetable
oils is the presence of polyunsaturated FAs (e.g., linoleic acid
and linolenic acid). One advantage of the dielectric fluids of
some embodiments of the present invention is that the micro-
bial oil they comprise (or are derived from) contains less, and
in some embodiments, no, di- and poly-unsaturated FAs than
do dielectric fluids derived from other bio-oils.

The lipid profile of the dielectric fluid is usually highly
similar to the lipid profile of the feedstock oil. High amounts
of'longer chain (C16-C18) mono-unsaturated fatty acids are
preferable for use as dielectric fluids. Polyunsaturated fatty
acids (such as C18:2, C18:3, ARA, EPA and DHA) are not
preferred due to oxidation and the production of oxidation
products. Saturated fatty acids tend to be solid or a liquid with
a high freezing point, thereby making saturated fatty acids
undesirable in large quantities in dielectric fluids. In various
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embodiments, microbial oil (lipid) useful in dielectric fluids
is at least about 50% C18:1, e.g., at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, and at least
about 90% C18:1. In these or other embodiments, the micro-
bial oil (lipid) is less than about 10% C18:2, e.g., less than
about 7.5%, less than about 5%, less than about 2.5%, and less
than about 1% C18:2. The microbial oil can have any com-
bination of percentages of C18:1 and C18:2 that adds up to
100% or less. For example the microbial oil can have at least
50% C18:1 and less than 10% C18:2 or at least 80% C18:1
and less than 5% C18:2.

For illustrative purposes, provided herein are TAG oils
from oleginous microbes that contain less than 2% C18:2 (see
Example 4), compared to 20-75% in sunflower oil and
48-65% in soybean oil. Also provided are TAG oils with less
than 0.5% C18:3, compared to 5-10% in soybean oil.

These and other properties of a dielectric fluid can be
achieved, manipulated, and/or varied in accordance with the
methods described herein so as to provide a product, such as
a lubricant, a hydraulic fluid, a industrial oil, or dielectric
fluid, suitable for any application. For example, genetic
manipulation of oleaginous microbes can be performed, as
described above, to alter chain length, saturation, and/or com-
position of the various fatty acids in the lipid. In certain
embodiments, a microbial oil useful as described herein is
produced by a genetically engineered microbe that has been
engineered to express one or more exogenous genes. For
example, the genetically engineered microbe can be Prototh-
eca (e.g, Prototheca moriformis) or Chlorella. lustrative
exogenous genes include those encoding sucrose invertase
and/or fatty acyl-ACP thioesterase.

In addition, lipid extracted from a microalgae or oleagi-
nous yeast can be subjected to various chemical modifications
to achieve a desired property in a dielectric fluid. Typical
alterations include altering fatty acid (FA) chain length.
Shorter-chain FAs have decreased pour points. Chemical
modifications can also be used in accordance with embodi-
ments of the methods of the invention to reduce unsaturation
and include alkylation, radical addition, acylation, ene-reac-
tions, hydroformylation, selective hydrogenation, oligomer-
ization, hydroaminomethylation, acyloxylation, and epoxi-
dation. In addition, or as an alternative, an additive, such as
pour point depressant, can be admixed with the processed
microbial oil to achieve a desired property, e.g., pour point.
Tlustrative additive are discussed in greater detail below.

As discussed above, in particular embodiments, the raw
microbial oil extracted from an oleaginous microbe is typi-
cally “enriched” prior to incorporation into a product of the
invention. For example, there can be contaminants in micro-
bial lipids that can crystallize and/or precipitate and fall out of
solution as sediment. Sediment formation is particularly a
problem when a dielectric fluid is used at lower temperatures.
The sediment or precipitates may cause problems such as
decreasing flow, clogging, etc. Processes are well-known in
the art that specifically deal with the removal of these con-
taminants and sediments to produce a higher quality product.
Examples for such processes include, but are not limited to,
pretreatment of the oil to remove contaminants such as phos-
pholipids and free fatty acids (e.g., degumming, caustic refin-
ing and silica adsorbant filtration).

Winterization can be used in accordance with embodi-
ments of the methods of the invention to enrich the microbial
oil. There are several approaches to winterizing a dielectric
fluid in accordance with embodiments of the present inven-
tion. One approach is to blend the fluid with other dielectric
fluids. Another approach is to use additives that can lower the
freeze point. Dry fractionation can also be used to reduce the
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relative proportion of the saturated fraction (the stearin frac-
tion). By cooling the oil, one can crystallize the saturates and
then filter out the crystals. Fractionation selectively separates
a fluid into individual components or fractions, allowing for
the removal or inclusion of specific fractions. Other fraction-
ation methods include urea fractionation, solvent fraction-
ation and thermal distillation.

Diatomaceous earth or other filtering material such as
bleaching clay may then added to the cooled liquid to form a
slurry, which may then filtered through a pressure leaf or
other type of filter to remove the particulates. The filtered
liquid may then be run through a polish filter to remove any
remaining sediments and diatomaceous earth, so as to pro-
duce a final product. Alternatively, or in addition, this prod-
uct, or the microbial oil produced at the end of any of the
foregoing process steps, can be admixed with a pour point
depressant to produce a product of the invention, such as a
dielectric fluid.

In one embodiment of the present invention, a method for
producing a lubricant oil or a dielectric fluid is provided that
comprises the steps of (a) cultivating a lipid-containing
microorganism using methods disclosed herein, (b) lysing a
lipid-containing microorganism to produce a lysate, (c) iso-
lating the lipid composition from the lysed microorganism,
and (d) enriching the isolated lipid composition, whereby a
lubricant oil or dielectric fluid is produced. Typically, step (d)
will include one or more refining, bleaching, and/or deodor-
izing steps and one or more fractionation steps to reduce the
relative proportion of the saturated fraction by removing
palmitic and/or stearic triglycerides. In a further embodiment,
the lubricant oil or dielectric fluid resulting from step (d) is
admixed with a pour point depressant.

Optionally, other additives for increasing the oxidative sta-
bility of the isolated lipids can be admixed with the microbial
oil, lubricant, or dielectric fluid produced by these methods.
Examples of such additives include antioxidants such as toco-
pherols (vitamin E, e.g., alpha-, beta- and/or delta-toco-
pherol), ascorbic acid (vitamin C). Suitable anti-oxidants are
commercially available. The BASF company markets a line
of suitable phenol based and amine based antioxidants under
the brand name IRGANOX®. IRGANOX 1.109, IRGANOX
L64, IRGANOX L57, other IRGANOX antioxidants, and
other phenol based and amine based compounds are suitable
as antioxidant additives to the oils and products including
dielectric fluids. Other nonlimiting examples of antioxidants
include butylated hydroxy anisole (BHA), butylated hydroxy
toluene (BHT), mono-tertiary butyl hydro quinone (TBHQ),
butylated hydroanisole, tetrahydrobutrophenone, ascorbyl
palmitate, and propyl gallate. In certain embodiments, a
microbial oil-based product, e.g., a dielectric fluid, addition-
ally includes an antioxidant at 0.1% to 5% by weight, and
preferably at 0.5% to 2%.

Other additives that can be optionally added to the isolated
lipids for use as products such as dielectric fluids are deacti-
vators for metal ions, corrosion inhibitors, anti-wear addi-
tives, and/or hydrolysis protectants. Some widely used addi-
tives in dielectric fluids are described in Schneider, 2006, J
Science Food and Agriculture; 86: 1769-1780.). Metal ion
deactivators have two main functions. They suppress chemi-
cal attack on the surface of the metal and they also passivate
the metal surface to suppress any residues that may act as
catalysts for radical (unpaired electron) formation. Metal
deactivators are commercially available. For example, the
BASF company provides a line of metal deactivators, includ-
ing the IRGAMET® line of metal deactivators. The
RTVANDERBILT company sells the CUVAN® line of metal
deactivators. Other examples of metal deactivators include
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derivatized triazoles including 1-(di-isooctylaminomethyl)-
1,2.4-triazole, 1-(2-methoxyprop-2-yl)tolyltriazole, 1-(1-cy-
clohexyloxypropyl)tolyltriazole, 1-(1-cyclohexyloxyheptyl)
tolyltriazole, 1-(1-cyclohexyloxybutyl)tolyltriazole, 1-[bis
(2-ethylhexyl )Jaminomethyl-4-methylbenzotriazole,
derivatized borons including triethyl borate, tripropyl borate,
triisopropyl borate, tributyl borate, tripentyl borate, trihexyl
borate, tricyclohexyl borate, trioctyl borate, triisooctyl
borate, and other derivatized hydrazine metal deactivator,
e.g., 2'.3-bis[[3-[3,5-di-tert-butyl-4-hydroxyphenyl|propio-
nyl][proponiohydrazine, and the like.). In certain embodi-
ments, a microbial oil-based product, e.g., a dielectric fluid,
additionally includes one or more metal deactivators at 0.1%
to 5% by weight, and preferably at 0.5% to 2%.

Thus, dielectric fluids prepared in accordance with the
methods described herein may contain a number of additives,
including but not limited to one or more of the following
additives: (a) an antioxidant, including but not limited to BHT
and other phenols; (b) a deactivator of metal ions such as Cu,
Zn, and the like, including but not limited to a benzotriazole;
(c) corrosion inhibitors, including but not limited to ester
sulfonates and succinic acid esters; (d) demulsifiers; (e) anti-
wear additives, including but not limited to zinc dithiophos-
phate; (f) additives to depress the pour point, including but not
limited to malan styrene copolymers, poly(alkyl)acrylates,
including but not limited to polymethacrylates; and (g) com-
pounds that protect against hydrolysis, including but not lim-
ited to carbodiimides.

In certain embodiments, a method of the invention pro-
duces a product including a microbial oil that has a pour point
of between about —10° C. and about —-40° C., and wherein the
fatty acid composition of the microbial oil is at least 50%
C18:1 and less than 10% C18:2. The method entails cultivat-
ing a genetically engineered microbe engineered to express
one or more exogenous genes until the microbe has at least
10% oil by dry weight. Illustrative genetically engineered
microbes include Prototheca (e.g., Prototheca moriformis) or
Chlorella. llustrative exogenous genes include those encod-
ing sucrose invertase and/or fatty acyl-ACP thioesterase. In
some embodiments, the genetically engineered microbe
expresses at least two exogenous genes, e.g., encoding
sucrose invertase and fatty acyl-ACP thioesterase, encoding
two different fatty acyl-ACP thioesterases, or encoding
sucrose invertase and two different fatty acyl-ACP
thioesterases. Once the microbe has at least 10% oil by dry
weight, the oil is separated from the microbe and subjected to
refining, bleaching, deodorizing or degumming to produce
RBD oil. Optionally, an antioxidant, metal ion deactivator,
corrosion inhibitor, demulsifier, anti-wear additive, pour
point depressant, and/or anti-hydrolysis compound can be
added to the RBD oil to produce a desired product.

In particular embodiments, a fractionation method of the
invention produces a microbial oil suitable for incorporation
into products (e.g., a dielectric fluid) that has a pour point of
between about —10° C. and about -40° C., and wherein the
fatty acid composition of the microbial oil is at least 50%
C18:1 and less than 10% C18:2. The method entails subject-
ing a starting (i.e., “first”) microbial oil to refining, bleaching,
deodorizing or degumming to produce RBD oil, wherein the
RBD oil is characterized by an initial pour point and a first
temperature, lowering the temperature of the RBD oil to a
second temperature, and filtering the RBD oil at the second
temperature to provide a second microbial oil characterized
by a second pour point that is lower than the initial pour point,
wherein the second pour point is between about -10° C. and
about —40° C., and wherein the fatty acid composition of the
second microbial oil is at least 50% C18:1 and less than 10%
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C18:2. An illustrative first temperature is between above 15°
C. to about 50° C., and an illustrative second temperature is
between about —15° C. and about 15° C. Optionally, an anti-
oxidant, metal ion deactivator, corrosion inhibitor, demulsi-
fier, anti-wear additive, pour point depressant, and/or anti-
hydrolysis compound can be added to the second microbial
oil to produce a desired product. In variations of these
embodiments, the first microbial oil is produced by cultivat-
ing a genetically engineered microbe engineered to express
one or more exogenous genes until the microbe has at least
10% oil by dry weight and then separating the oil from the
microbe to produce the first microbial oil. This method can be
employed to produce, e.g., a lubricant, a hydraulic fluid, an
industrial oil, or a dielectric fluid. In certain embodiments,
where the product is a dielectric fluid, the fluid includes one or
more of an antioxidant, a metal ion deactivator, a corrosion
inhibitor, a demulsifier, an anti-wear additive, a pour point
depressant, or an anti-hydrolysis compound.

In one embodiment of the invention, a dielectric fluid is
produced by blending oils and/or dielectric fluids derived
from oleaginous microbes with existing oils or dielectric
fluids. The existing oils and dielectric fluids can be of plant or
animal (or both, i.e., petroleum) in origin.

Thus, the present invention includes a variety of methods in
which lipid from oleaginous microbes is undertaken to yield
dielectric fluids and other products useful in a variety of
industrial and other applications. Examples of processes for
modifying oil produced by the methods disclosed herein
include, but are not limited to, hydrolysis of the oil, hydro-
processing of the oil, and esterification of the oil. Other
chemical modification of microalgal lipid include, without
limitation, epoxidation, oxidation, hydrolysis, sulfations, sul-
fonation, ethoxylation, propoxylation, amidation, and
saponification. The modification of the microalgal oil pro-
duces basic oleochemicals that can be further modified into
selected derivative oleochemicals for a desired function. In a
manner similar to that described above with reference to fuel
producing processes, these chemical modifications can also
be performed on oils generated from the microbial cultures
described herein.

In certain embodiments, a dielectric fluid described herein
is employed in a an electrical system, such as a transformer,
including a tank housing a transformer core/coil assembly,
wherein the dielectric fluid surrounds the core/coil assembly.
In variations of such embodiments, the tank also includes an
oxygen absorbing material that is in contact with gases in the
tank, but isolated from contact with the dielectric insulating
fluid. Suitable oxygen absorbing materials are those that are
capable of reducing the concentration of free oxygen in the
atmosphere surrounding the dielectric fluid inside the tank
and that in turn reduce the presence of dissolved oxygen in the
fluid itself. Such compounds can be referred to as oxygen
scavenging compounds. Useful oxygen scavenging com-
pounds include those commonly employed in the food pack-
aging industry. Representative of the oxygen scavenging
compounds useful in the practice of the invention include the
following: sodium sulfite; copper sulfate pentahydrate; a
combination of carbon and activated iron powder; mixtures of
hydrosulfite, calcium hydroxide, sodium bicarbonate and
activated carbon; a metal halide powder coated on the surface
of a metal powder; and combinations of alkali compounds,
such as calcium hydroxide, with sodium carbonate or sodium
bicarbonate. Mixtures and combinations of one or more of the
above compositions are also considered useful. Also useful as
oxygen scavenging compounds are those compositions pro-
vided according to U.S. Pat. No. 2,825,651, which is incor-
porated by reference, including an oxygen remover compo-
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sition comprising an intermixing of a sulfite salt and an
accelerator such as hydrated copper sulfate, stannous chlo-
ride, or cobaltous oxide. Another useful class of oxygen scav-
enging compounds includes those compositions comprising a
salt of manganese, iron, cobalt or nickel, an alkali compound,
and a sulfite or deliquescent compound, such as disclosed by
U.S. Pat. No. 4,384,972, which also is incorporated by refer-
ence. Preferred oxygen scavenging compounds include (or
include as their base component) at least one basic iron oxide,
such as a ferrous iron oxide, or are made of mixtures of iron
oxide materials. Useful iron oxide-containing compositions
are available commercially, for example, under the “Ageless”
trade name from the Mitsubishi Gas Chemical Company of
Duncan, S.C. and under the “Freshmax” trade name from
Multisorb Technologies, Inc. of Buffalo, N.Y. Also useful are
oxygen absorbing agents comprising a mixture of ferrous
salts and an oxidation modifier and/or a metallic sulfite or
sulfate compound.

The invention, having been described in detail above, is
exemplified in the following examples, which are offered to
illustrate, but not to limit, the claimed invention.

VII. Examples
Example 1
Methods for Culturing Prototheca

Prototheca strains were cultivated to achieve a high per-
centage of oil by dry cell weight. Cryopreserved cells were
thawed at room temperature and 500 ul of cells were added to
4.5 ml of medium (4.2 g/I. K,HPO,, 3.1 g/l. NaH,PO,, 0.24
g/ MgS0,.7H,0, 0.25 g/LL Citric Acid monohydrate, 0.025
g/L CaCl, 2H,0, 2 g/LL yeast extract) plus 2% glucose and
grown for 7 days at 28° C. with agitation (200 rpm) in a 6-well
plate. Dry cell weights were determined by centrifuging 1 ml
of'culture at 14,000 rpm for 5 min in a pre-weighed Eppendorf
tube. The culture supernatant was discarded and the resulting
cell pellet washed with 1 ml of deionized water. The culture
was again centrifuged, the supernatant discarded, and the cell
pellets placed at —80° C. until frozen. Samples were then
lyophilized for 24 hrs and dry cell weights calculated. For
determination of total lipid in cultures, 3 ml of culture was
removed and subjected to analysis using an Ankom system
(Ankom Inc., Macedon, N.Y.) according to the manufactur-
er’s protocol. Samples were subjected to solvent extraction
with an Amkom XT10 extractor according to the manufac-
turer’s protocol. Total lipid was determined as the difference
in mass between acid hydrolyzed dried samples and solvent
extracted, dried samples. Percent oil dry cell weight measure-
ments are shown in Table 9.

TABLE 9
Percent oil by dry cell weight
Species Strain % Oil
Prototheca stagnora UTEX 327 13.14
Prototheca moriformis UTEX 1441 18.02
Prototheca moriformis UTEX 1435 27.17

Microalgae samples from multiple strains from the genus
Prototheca were genotyped. Genomic DNA was isolated
from algal biomass as follows. Cells (approximately 200 mg)
were centrifuged from liquid cultures 5 minutes at 14,000xg.
Cells were then resuspended in sterile distilled water, centri-
fuged 5 minutes at 14,000xg and the supernatant discarded. A
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single glass bead ~2 mm in diameter was added to the biom-
ass and tubes were placed at —80° C. for at least 15 minutes.
Samples were removed and 150 pl of grinding buffer (1%
Sarkosyl, 0.25 M Sucrose, 50 mM NaCl, 20 mM EDTA, 100
mM Tris-HCl, pH 8.0, RNase A 0.5 ug/ul) was added. Pellets
were resuspended by vortexing briefly, followed by the addi-
tion of 40 ul of SM NaCl. Samples were vortexed briefly,
followed by the addition of 66 ul of 5% CTAB (cetyl trim-
ethylammonium bromide) and a final brief vortex. Samples
were next incubated at 65° C. for 10 minutes after which they
were centrifuged at 14,000xg for 10 minutes. The supernatant
was transferred to a fresh tube and extracted once with 300 ul
of Phenol:Chloroform:Isoamyl alcohol 12:12:1, followed by
centrifugation for 5 minutes at 14,000xg. The resulting aque-
ous phase was transferred to a fresh tube containing 0.7 vol of
isopropanol (~190 pl), mixed by inversion and incubated at
room temperature for 30 minutes or overnight at 4° C. DNA
was recovered via centrifugation at 14,000xg for 10 minutes.
The resulting pellet was then washed twice with 70% ethanol,
followed by a final wash with 100% ethanol. Pellets were air
dried for 20-30 minutes at room temperature followed by
resuspension in 50 pl of 10 mM TrisCl, 1 mM EDTA (pH 8.0).

Five ul of total algal DNA, prepared as described above,
was diluted 1:50 in 10 mM Tris, pH 8.0. PCR reactions, final
volume 20 ul, were set up as follows. Ten pl of 2x iProof HF
master mix (BIO-RAD) was added to 0.4 ul primer SZ02613
(5-TGTTGAAGAATGAGCCGGCGAC-3' (SEQ ID NO:9)
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(UTEX 329/UTEX 1533 and UTEX 329/UTEX 1440) as the
most divergent. In both cases, pairwise alignment resulted in
75.0% pairwise sequence identity. The percent sequence
identity to UTEX 1435 is also included below:

% nt

Species Strain identity SEQ ID NO.

Prototheca kruegani UTEX 329 75.2 SEQIDNO:11
Prototheca wickerhamii  UTEX 1440 99  SEQIDNO:12
Prototheca stagnora UTEX 1442 75.7 SEQID NO: 13
Prototheca moviformis UTEX 288 754 SEQIDNO: 14
Prototheca moviformis UTEX 1439; 100 SEQID NO: 15

1441; 1435; 1437

Prototheca wikerhamii UTEX 1533 99.8 SEQIDNO: 16
Prototheca moviformis UTEX 1434 75.9 SEQIDNO:17
Prototheca zopfii UTEX 1438 75.7 SEQIDNO: 18
Prototheca moviformis UTEX 1436 88.9 SEQ ID NO: 19

Lipid samples from a subset of the above-listed strains
were analyzed for lipid profile using HPLC. Results are
shown below in Table 10.

TABLE 10

Diversity of lipid chains in Prototheca species

Stain  Cl40 Cl6:0 Cl6l CI8:0 CI&1 CI8&2 CI8&3 C20:0 C€20:1
UTEX 0 1200 0 0 5033 1714 0 0 0
327
UTEX 141 2944 070 305 5772 1237 097 033 0
1441
UTEX 109 2577 0 275 5401 1190 244 0 0
1435
40

at 10 mM stock concentration). This primer sequence runs
from position 567-588 in Gen Bank accession no. 1.43357
and is highly conserved in higher plants and algal plastid
genomes. This was followed by the addition of 0.4 pl primer
S702615 (5'-CAGTGAGCTATTACGCACTC-3' (SEQ 1D
NO:10) at 10 mM stock concentration). This primer sequence
is complementary to position 1112-1093 in Gen Bank acces-
sion no. .43357 and is highly conserved in higher plants and
algal plastid genomes. Next, 5 ul of diluted total DNA and 3.2
ul dH,O were added. PCR reactions were run as follows: 98°
C., 45"; 98° C,, 8", 53° C,, 12"; 72° C., 20" for 35 cycles
followed by 72° C. for 1 min and holding at 25° C. For
purification of PCR products, 20 pl of 10 mM Tris, pH 8.0,
was added to each reaction, followed by extraction with 40 ul
of' Phenol:Chloroform:isoamyl alcohol 12:12:1, vortexing
and centrifuging at 14,000xg for 5 minutes. PCR reactions
were applied to S-400 columns (GE Healthcare) and centri-
fuged for 2 minutes at 3,000xg. Purified PCR products were
subsequently TOPO cloned into PCR8/GW/TOPO and posi-
tive clones selected for on LB/Spec plates. Purified plasmid
DNA was sequenced in both directions using M13 forward
and reverse primers. In total, twelve Prototheca strains were
selected to have their 23S rRNA DNA sequenced and the
sequences are listed in the Sequence Listing. A summary of
the strains and Sequence Listing Numbers is included below.
The sequences were analyzed for overall divergence from the
UTEX 1435 (SEQ ID NO:15) sequence. Two pairs emerged

45

Oil extracted from Prototheca moriformis UTEX 1435 (via
solvent extraction or using an expeller press was analyzed for
carotenoids, chlorophyll, tocopherols, other sterols and tocot-
rienols. The results are summarized below in Table 11.

TABLE 11

Carotenoid, chlorophyll, tocopherol/sterols and tocotrienol analysis
in oil extracted from Prototheca moriformis (UTEX 1435).

Pressed oil Solvent extracted

(meg/ml) oil (mcg/ml)
cis-Lutein 0.041 0.042
trans-Lutein 0.140 0.112
trans-Zeaxanthin 0.045 0.039
cis-Zeaxanthin 0.007 0.013
t-alpha-Crytoxanthin 0.007 0.010
t-beta-Crytoxanthin 0.009 0.010
t-alpha-Carotene 0.003 0.001
c-alpha-Carotene none detected none detected
t-beta-Carotene 0.010 0.009
9-cis-beta-Carotene 0.004 0.002

Lycopene none detected none detected
Total Carotenoids 0.267 0.238
Chlorophyll <0.01 mg/kg <0.01 mg/kg
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TABLE 11-continued
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TABLE 12-continued

Carotenoid, chlorophyll, tocopherol/sterols and tocotrienol analysis
in oil extracted from Prototheca moriformis (UTEX 1435).

Solvent extracted
oil (mcg/ml)

Pressed oil

(mecg/ml)

Tocopherols and Sterols

Pressed oil Solvent extracted

(mg/100 g) oil (mg/100 g)
gamma Tocopherol 0.49 0.49
Campesterol 6.09 6.05
Stigmasterol 47.6 47.8
Beta-sitosterol 11.6 11.5
Other sterols 445 446

Tocotrienols
Pressed oil Solvent extracted
(mg/g) oil (mg/g)

alpha Tocotrienol 0.26 0.26
beta Tocotrienol <0.01 <0.01
gamma Tocotrienol 0.10 0.10
detal Tocotrienol <0.01 <0.01
Total Tocotrienols 0.36 0.36

Oil extracted from Prototheca moriformis, from four sepa-
rate lots, was refined and bleached using standard vegetable
oil processing methods. Briefly, crude oil extracted from Pro-
totheca moriformis was clarified in a horizontal decanter,
where the solids were separated from the oil. The clarified oil
was then transferred to a tank with citric acid and water and
left to settle for approximately 24 hours. After 24 hours, the
mixture in the tank formed 2 separate layers. The bottom layer
was composed of water and gums that were then removed by
decantation prior to transferring the degummed oil into a
bleaching tank. The oil was then heated along with another
dose of citric acid. Bleaching clay was then added to the
bleaching tank and the mixture was further heated under
vacuum in order to evaporate off any water that was present.
The mixture was then pumped through a leaf filter to remove
the bleaching clay. The filtered oil was then passed through a
final 5 pm polishing filter and then collected for storage until
use. The refined and bleached (RB) oil was then analyzed for
carotenoids, chlorophyll, sterols, tocotrienols and toco-
pherols. The results of these analyses are summarized in
Table 12 below. “Nd” denotes none detected and the sensi-
tivity of detection is listed below:

Sensitivity of Detection

Carotenoids (mcg/g) nd=<0.003 mcg/g

Chlorophyll (mcg/g) nd=<0.03 mcg/g

Sterols (%) nd=0.25%

Tocopherols (mcg/g); nd=3 mcg/g

TABLE 12

Carotenoid, chlorophyll, sterols, tocotrienols and tocopherol analysis
from refined and bleached Prototheca moriformis oil.

Lot A LotB Lot C LotD
Carotenoids (mcg/g)

Lutein 0.025 0.003 nd 0.039
Zeaxanthin nd nd nd nd
cis-Lutein/Zeaxanthin nd nd nd nd
trans-alpha-Cryptoxanthin nd nd nd nd
trans-beta-Cryptoxanthin nd nd nd nd
trans-alpha-Carotene nd nd nd nd
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Carotenoid, chlorophyll, sterols, tocotrienols and tocopherol analysis
from refined and bleached Prototheca moriformis oil.

LotA LotB LotC LotD
cis-alpha-Carotene nd nd nd nd
trans-beta-Carotene nd nd nd nd
cis-beta-Carotene nd nd nd nd
Lycopene nd nd nd nd
Unidentified 0.219 0.066 0.050 0.026
Total Carotenoids 0.244 0.069 0.050 0.065

Chlorophyll (mcg/g)
Chlorophyll A 0.268 0.136 0.045 0.166
Chlorophyll B nd nd nd nd
Total Chlorophyll 0.268 0.136 0.045 0.166
Sterols (%)
Brassicasterol nd nd nd nd
Campesterol nd nd nd nd
Stigmasterol nd nd nd nd
beta-Sitosterol nd nd nd nd
Total Sterols nd nd nd nd
Tocopherols (mcg/g)
alpha-Tocopherol 239 22.8 12.5 8.2
beta-Tocopherol 3.72 nd nd nd
gamma-Tocopherol 164 85.3 43.1 383
delta-Tocopherol 70.1 31.1 18.1 14.3
Total Tocopherols 262 139.2 73.7 60.8
Tocotrienols (meg/g)
alpha-Tocotrienol 190 225 253 239
beta-Tocotrienol nd nd nd nd
gamma- Tocotrienol 473 60.4 54.8 60.9
delta-Tocotrienol 12.3 16.1 17.5 15.2
Total Tocotrienols 250 302 325 315

The same four lots of Prototheca moriformis oil was also
analyzed for trace elements and the results are summarized
below in Table 13.

TABLE 13

Elemental analysis of refined and bleached
Prototheca moriformis oil.

LotA LotB LotC LotD
Elemental Analysis (ppm)

Calcium 0.08 0.07  <0.04 0.07
Phosphorous <0.2 0.38 <02 0.33
Sodium <0.5 0.55 <05 <0.5
Potassium 1.02 1.68  <0.5 0.94
Magnesium <0.04 <0.04  <0.04 0.07
Manganese <0.05 <0.05 <0.05 <0.05
Iron <0.02  <0.02 <0.02 <0.02
Zinc <0.02  <0.02 <0.02 <0.02
Copper <0.05 <0.05 <0.05 <0.05
Sulfur 2.55 4.45 2.36 4.55
Lead <0.2 <0.2 <0.2 <0.2
Silicon 0.37 0.41 0.26 0.26
Nickel <0.2 <0.2 <0.2 <0.2
Organic chloride <1.0 <1.0 <1.0 2.2
Inorganic chloride <1.0 <1.0 <1.0 <1.0
Nitrogen 4.4 7.8 4.2 6.9
Lithium <0.02  <0.02 <0.02 <0.02
Boron 0.07 0.36 0.09 0.38
Aluminum — <0.2 <0.2 <0.2
Vanadium <0.05 <0.05 <0.05 <0.05
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TABLE 13-continued

Elemental analysis of refined and bleached
Prototheca moriformis oil.

LotA LotB LotC LotD
Lovibond Color (° L)
Red 5.0 4.3 3.2 5.0
Yellow 70.0 70.0 50.0 70.0
Mono & Diglycerides by HPLC (%)
Diglycerides 1.68 2.23 1.25 1.61
Monoglycerides 0.03 0.04 0.02 0.03
Free fatty acids (FFA) 1.02 1.72 0.86 0.83
Soaps 0 0 0
Oxidized and Polymerized Triglycerides
Oxidized Triglycerides (%) 341 241 4.11 1.00
Polymerized Triglycerides 1.19 045 0.66 0.31
(%)
Peroxide Value (meg/kg) 0.75 0.80 0.60 1.20
p-Anisidine value 5.03 9.03 5.44 20.1
(dimensionless)
Water and Other Impurities (%)
Karl Fisher Moisture 0.8 0.12 0.07 0.18
Total polar compounds 5.02 6.28 4.54 5.23
Unsaponificable matter 0.92 1.07 0.72 1.04
Insoluble impurities <0.01 <0.01 0.01 <0.01
Total oil (%)
Neutral oil 98.8 98.2 99.0 98.9
Example 2

General Methods for Biolistic Transforming
Prototheca

Seashell Gold Microcarriers 550 nanometers were pre-
pared according to the protocol from manufacturer. Plasmid
(20 pg) was mixed with 50 pl of binding buffer and 60 ul (30
mg) of S550d gold carriers and incubated in ice for 1 min.
Precipitation buffer (100 pl) was added, and the mixture was
incubated in ice for another 1 min. After vortexing, DNA-
coated particles were pelleted by spinning at 10,000 rpm in an
Eppendorf 5415C microfuge for 10 seconds. The gold pellet
was washed once with 500 pl of cold 100% ethanol, pelleted
by brief spinning in the microfuge, and resuspended with 50
ul of ice-cold ethanol. After a brief (1-2 sec) sonication, 10 ul
of DNA-coated particles were immediately transferred to the
carrier membrane.

Prototheca strains were grown in proteose medium (2 g/L.
yeast extract, 2.94 mM NaNO3, 0.17 mM CaCl2.2H20, 0.3
mM MgSO04.7H20, 014 mM K2HPO4, 1.28 mM KH2PO4,
0.43 mM NaCl) with 2% glucose on a gyratory shaker until it
reached a cell density of 2x10° cells/ml. The cells were har-
vested, washed once with sterile distilled water, and resus-
pended in 50 pl of medium. 1x107 cells were spread in the

10

15

20

25

30

35

40

45

50

76

center third of a non-selective proteose media plate. The cells
were bombarded with the PDS-1000/He Biolistic Particle
Delivery system (Bio-Rad). Rupture disks (1350 psi) were
used, and the plates were placed 6 cm below the screen/
macrocarrier assembly. The cells were allowed to recover at
25° C. for 12-24 h. Upon recovery, the cells were scraped
from the plates with a rubber spatula, mixed with 100 pl of
medium and spread on plates containing the appropriate anti-
biotic selection. After 7-10 days of incubation at 25° C.,
colonies representing transformed cells were visible on the
plates. Colonies were picked and spotted on selective (either
antibiotic or carbon source) agar plates for a second round of
selection.

Example 3

Expression of Heterologous Fatty Acyl Acp
Thioesterase Genes in Microalgal Cells

Methods for and the results of expressing heterologous
thioesterase gene in microalgal cells, including Prototheca
species, have been previously described in PCT Application
No. PCT/US2009/66412, hereby incorporated by reference.
This example describes results using other thioesterase gene/
gene products from higher plant species.

A fatty acyl-ACP thioesterase from Ricinus communis was
introduced into a Prototheca moriformis UTEX 1435 genetic
background, and the codon-optimized cDNA sequence (SEQ
1D NO:87) and amino acid sequences (from GenBank Acces-
sion No. ABS30422.1) (SEQ ID NO:88) are listed in the
Sequence Listing. The expression construct contained 5'
(SEQ ID NO:100) and 3' (SEQ ID NO:101) homologous
recombination targeting sequences (flanking the construct) to
the 6S genomic region for integration into the nuclear genome
and a S. cerevisiae suc2 sucrose invertase coding region under
the control of C. reinhardtii f-tubulin promoter/5'UTR and
Chlorella vulgaris nitrate reductase 3' UTR. This S. cerevi-
siae suc2 expression cassette is listed as SEQ ID NO:78 and
served as a selection marker. The R. communis coding region
was under the control of the Prototheca moriformis Amt03
promoter/5'UTR (SEQ ID NO:84) and C. vulgaris nitrate
reductase 3'UTR (SEQ ID NO:85). The Ricinus communis
native transit peptide was also replaced with the transit pep-
tide from C. protothecoides stearoyl desaturase (SEQ ID
NO:86) and the cDNA sequence of the thioesterase with the
replaced transit peptide is listed as SEQ ID NO:87. The entire
Ricinus communis expression cassette was termed pSZ1375
and transformed into a Prototheca moriformis genetic back-
ground. Positive clones were screened on plates with sucrose
as the sole carbon source. A subset of the positive clones were
selected and grown under lipid production conditions and
lipid (fatty acid) profiles were determined using direct trans-
esterification methods as described above. The fatty acid pro-
files of the selected clones are summarized in Table 14 below.

TABLE 14

Fatty acid profiles of Ricinus communis ACP-
thioesterase transgenic Prototheca cells.

Strain C10:0 C12:0 C14:0 C16:0 C18:0 C18:1 C18:2
wildtype 0.01 0.03 0.98 24.65 3.68 62.48 6.26
pSZ1375 0.01 0.03 0.91 18.34 2.55 67.93 8.35
clone A

pSZ1375 0.01 0.03 0.97 18.51 247 67.83 8.25

clone B
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TABLE 14-continued
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Fatty acid profiles of Ricinus communis ACP-
thioesterase transgenic Prototheca cells.

Strain C10:0 C12:0 C14:0 C16:0 C18:0 C18:1 C18:2
pSZ1375 0.01 0.03 0.93 18.65 2.84 67.58 7.90
clone C
pSZ1375 0.01 0.03 0.92 18.90 2.30 67.48 8.37
clone D

The results show that transformants with the Ricinus com-
munis thioesterase transgene have altered levels of C16:0
fatty acids and, to a lesser extent, C18:0 fatty acids, relative to
the wild-type strain. Also, there was a concomitant increase in
the C18:1 fatty acid level when compared to the wild-type
level.

Example 4

Altering the Levels of Saturated Fatty Acids in the
Microalgae Prototheca moriformis

A. Decreasing Stearoyl ACP Desaturase and Delta 12 Fatty
Acid Desaturase Expression by Gene Knock-Out Approach

As part of a genomics screen using a bioinformatics based
approach based on cDNAs, [llumia transcriptome and Roche
454 sequencing of genomic DNA from Prototheca morifor-
mis (UTEX 1435), two specific groups of genes involved in
fatty acid desaturation were identified: stearoyl ACP desatu-
rases (SAD) and delta 12 fatty acid desaturases (A12 FAD).
Stearoyl ACP desaturase enzymes are part of the lipid syn-
thesis pathway and they function to introduce double bonds
into the fatty acyl chains, for example, the synthesis of C18:1
fatty acids from C18:0 fatty acids. Delta 12 fatty acid desatu-
rases are also part of the lipid synthesis pathway and they
function to introduce double bonds into already unsaturated
fatty acids, for example, the synthesis of C18:2 fatty acids
from C18:1 fatty acids. Southern blot analysis using probes
based on the two classes of fatty acid desaturase genes iden-
tified during the bioinformatics efforts indicated that each
class of desaturase genes was likely comprised of multiple
family members. Additionally the genes encoding stearoyl
ACP desaturases fell into two distinct families. Based on
these results, three gene disruption constructs were designed
to disrupt multiple gene family members by targeting more
highly conserved coding regions within each family of
desaturase enzymes.

Three homologous recombination targeting constructs
were designed using: (1) highly conserved portions of the
coding sequence of delta 12 fatty acid desaturase (d12FAD)
family members and (2) two constructs targeting each of the
two distinct families of SAD, each with conserved regions of
the coding sequences from each family. This strategy is
designed to embed a selectable marker gene (the suc2 sucrose
invertase cassette from S. cerevisiae conferring the ability to
hydrolyze sucrose) into these highly conserved coding
regions (targeting multiple family members) rather than a
classic gene replacement strategy where the homologous
recombination would target flanking regions of the targeted
gene.
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All constructs were introduced into the cells by biolistic
transformation using the methods described above and con-
structs were linearized before being shot into the cells. Trans-
formants were selected on sucrose containing plates/media
and changes in fatty acid profile were assayed using the
above-described method. Relevant sequences from each of
the three targeting constructs are listed below.

Description SEQ ID NO:

5'sequence of d12FAD targeting construct SEQ ID NO: 30
3'sequence of d12FAD targeting construct SEQ ID NO: 31
d12FAD targeting construct cDNA sequence SEQ ID NO: 32
5'sequence of SAD2A targeting construct SEQ ID NO: 33
3'sequence of SAD2A targeting construct SEQ ID NO: 34
SAD2A targeting construct cDNA sequence SEQ ID NO: 35
5'sequence of SAD2B targeting construct SEQ ID NO: 36
3'sequence of SAD2B targeting construct SEQ ID NO: 37
SAD2B targeting construct cDNA sequence SEQ ID NO: 38

Representative positive clones from transformations with
each of the constructs were picked and the fatty acid profiles
for these clones were determined (expressed in Area %) and
summarized in Table 15 below.

TABLE 15

Fatty acid profiles for desaturase knockouts.

FattyAcid  dI2FADKO SAD2AKO SAD2BKO wt UTEX 1435
C8:0 0 0 0 0
C10:0 0.01 0.01 0.01 0.01
C12:0 0.03 0.03 0.03 0.03
C14:0 1.08 0.985 0.795 1.46
C16:0 24.42 25.335 23.66 29.87
C18:0 6.85 12.89 19.555 3.345
C18:1 58.35 47.865 43.115 54.09
Cl18:2 7.33 10.27 9.83 9.1
C18:3 alpha 0.83 0.86 1 0.89
C20:0 0.48 0.86 1.175 0.325

Each of the constructs had a measurable impact on the
desired class of fatty acid, and in all three cases C18:0 levels
increased markedly, particularly with the two SAD knock-
outs. Further comparison of multiple clones from the SAD
knockouts indicated that the SAD2B knockout lines had sig-
nificantly greater reductions in C18:1 fatty acids than the
C18:1 fatty acid levels observed with the SAD2A knockout
lines.

Additional Al12 fatty acid desaturase (FAD) knockouts
were generated in a Prototheca moriformis (UTEX 1435)
background using the methods described above. To identify
potential homologous of A12FADs, the following primers
were used to amplify a genomic region encoding a putative
FAD:
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SEQ ID NO: 74
Primer 1 5'-TCACTTCATGCCGGCGGTCC-3'
SEQ ID NO: 75

Primer 2 5'-GCGCTCCTGCTTGGCTCGAA-3'

The sequences resulting from the genomic amplification of
Prototheca moriformis genomic DNA using the above prim-
ers were highly similar, but indicated that multiple genes or
alleles of A12FADs exist in Prototheca moriformis.

Based on this result, two gene disruption constructs were
designed to ablate one or more A12FAD genes. The strategy
was to embed a sucrose invertase (suc2 from S. cerevisiae)
cassette, thus conferring the ability to hydrolyze sucrose as a
selectable marker, into highly conserved coding regions
rather than use a classic gene replacement strategy. The first
construct, termed pSZ1124, contained 5' and 3' genomic tar-
geting sequences flanking a C. reinhardtii p-tubulin promoter
driving the expression of the S. cerevisiae suc2 gene and a
Chlorella vulgaris nitrate reductase 3'UTR (S. cerevisiae
suc2 cassette). The second construct, termed pSZ1125, con-
tained 5' and 3' genomic targeting sequences flanking a C.
reinhardtii p-tubulin promoter driving the expression of the S.
cerevisiae suc2 gene and a Chlorella vulgaris nitrate reduc-
tase 3'UTR. The relevant sequences of the constructs are
listed in the Sequence Listing:
pSZ1124 (FAD2B) 5' genomic targeting sequence SEQ ID
NO:76

pSZ1124 (FAD2B) 3' genomic targeting sequence SEQ ID
NO:77

S. cerevisiae suc2 cassette SEQ ID NO:78

pSZ1125 (FAD2C) 5' genomic targeting sequence SEQ ID
NO:79

pSZ1125 (FAD2C) 3' genomic targeting sequence SEQ ID
NO:80

pSZ1124 and pSZ1125 were each introduced into a Pro-
totheca moriformis background and positive clones were
selected based on the ability to hydrolyze sucrose. Table 16
summarizes the fatty acid profiles (in Area %, generated using
methods described above) obtained in two transgenic lines in
which pSZ1124 and pSZ1125 targeting vectors were utilized.

TABLE 16
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B. RNA Hairpin Approach to Down-Regulation of Delta
12 Desaturase (FADc) in Prototheca Cells

Vectors down-regulating FADc (delta 12 desaturase gene)
gene expression by hairpin RNAs were introduced into a
Prototheca moriformis UTEX 1435 genetic background. The
Saccharomyces cerevisiae suc2 sucrose invertase gene was
utilized as a selectable marker, conferring the ability to grow
on sucrose as a sole-carbon source to positive clones, and two
types of constructs were used. The first type of construct
utilized a portion of the first exon of the FADc coding region
linked in cis to its first intron followed by a repeat unit of the
first exon in reverse orientation. This type of construct was
designed to form a hairpin when expressed as mRNA. Two
constructs of this first type were created, one driven by the
Prototheca moriformis Amt03 promoter (SEQ 1D NO:84),
termed pSZ1468, and a second driven by the Chlamydomo-
mas reinhardtii p-tubulin promoter (SEQ ID NO:89), termed
pSZ1469. The second type of construct utilized the large
FADc exon 2 in the antisense orientation driven by either the
Prototheca moriformis Amt03 promoter (SEQ 1D NO:84),
termed pSZ1470, or driven by the Chlamydomomas rein-
hardtii f-tubulin promoter (SEQ ID NO:89), termed
pSZ1471. All four constructs had a S. cerevisiae suc2 sucrose
invertase cassette (SEQ ID NO:78)and a 5' (SEQ ID NO:100)
and 3' (SEQ ID NO:101) homologous recombination target-
ing sequences (flanking the construct) to the 6S genomic
region for integration into the nuclear genome. Sequences of
the FADc portions of each hairpin RNA construct along with
the relevant portions of each construct are listed in the
Sequence Listing as:

Description SEO ID NO:

PpSZ1468 FADc hairpin RNA cassette SEQ ID NO: 90
Relevant portions of the pSZ1468 construct SEQ ID NO: 91
PSZ1469 FADc hairpin RNA cassette SEQ ID NO: 92
Relevant portions of the pSZ1469 construct SEQ ID NO: 93
pSZ1470 FADc exon 2 of a hairpin RNA cassette SEQ ID NO: 94
Relevant portions of the pSZ1470 construct SEQ ID NO: 95
pSZ1471 FADc exon 2 of a hairpin RNA cassette SEQ ID NO: 96
Relevant portions of the pSZ1471 construct SEQ ID NO: 97

Each of the four constructs was transformed into a Prototh-
eca moriformis background and positive clones were
screened using plates with sucrose as the sole carbon source.

Fatty acid profiles of A12 FAD knockouts.

C10:0 C12:0 C140 Cl16:0 Cl6:1 C180 C181 C18:2 Cl8:3a
parent 0.01 0.03 1.15 26.13 1.32 4.39 57.20 8.13 0.61
FAD2B 0.02 0.03 0.80 12.84 1.92 0.86 74.74 7.08 0.33
FAD2C 0.02 0.04 1.42 25.85 1.65 244 66.11 1.39 0.22
55

The transgenic containing the FAD2B (pSZ1124) con-
struct gave a very interesting and unexpected result in lipid
profile, in that the C18:2 levels, which would be expected to
decrease, only decreased by about one Area %. However, the
C18:1 fatty acid levels increased significantly, almost exclu-
sively at the expense of the C16:0 levels, which decreased
significantly. The transgenic containing the FAD2C
(pSZ1125) construct also gave a change in fatty acid profile:
the levels of C18:2 are reduced significantly along with a
corresponding increase in C18:1 levels.

Positive clones were picked from each transformation and a
subset were selected to determine the impact of the hairpin
and antisense cassettes contained in pSZ1468, pSZ1469,
pSZ1470 and pSZ1471 on fatty acid profiles. The selected
clones from each transformation were grown under lipid pro-
ducing conditions and the fatty acid profiles were determined
using direct transesterification methods as described above.
Representative fatty acid profiles from each of the transfor-
mations are summarized below in Table 17. Wildtype 1 and 2
cells were untransformed Prototheca moriformis cells that
were run with each of the transformants as a negative control.
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Fatty acid profiles of Prototheca moriformis cells containing hairpin RNA constructs
to down-regulate the expression of delta 12 desaturase gene (FADc).

Strain C10:0 C12:0 C14:0 C16:0 C18:0 C18:1 C18:2
wildtype 1 0.01 0.03 1.20 27.08 4.01 57.58 7.81
pSZ1468 0.01 0.04 1.33 25.95 3.68 65.60 1.25
clone A

pSZ1468 0.01 0.03 1.18 23.43 2.84 65.32 491
clone B

pSZ1468 0.01 0.04 1.34 23.18 427 63.65 5.17
clone C

pSZ1468 0.01 0.03 1.24 23.00 3.85 61.92 7.62
clone D

pSZ1470 0.01 0.03 1.23 24.79 4.33 58.43 8.92
clone A

pSZ1470 0.01 0.03 1.26 2491 4.14 57.59 9.64
clone B

pSZ1470 0.01 0.03 1.21 23.35 4.75 58.52 9.70
clone C

wildtype 2 0.01 0.03 0.98 24.65 3.68 62.48 6.26
pSZ1469 0.01 0.03 1.05 21.74 2.71 71.33 1.22
clone A

pSZ1469 0.01 0.03 1.01 22.60 2.98 70.19 1.27
clone B

pSZ1469 0.01 0.03 1.03 19.82 2.38 72.95 1.82
clone C

pSZ1469 0.01 0.03 1.03 20.54 2.66 70.96 2.71
clone D

pSZ1471 0.01 0.03 1.03 18.42 2.63 66.94 8.55
clone A

pSZ1471 0.01 0.03 0.94 18.61 2.58 67.13 8.66
clone B

pSZ1471 0.01 0.03 1.00 18.31 2.46 67.41 8.71
clone C

pSZ1471 0.01 0.03 0.93 18.82 2.54 66.84 8.77
clone D

The above results show that the hairpin constructs
pSZ1468 and pSZ1469 showed expected phenotypes: a
reduction in C18:2 fatty acid levels and an increase in C18:1
fatty acid levels as compared to wildtype 1 and wildtype 2,
respectively. The antisense constructs, pSZ1470 and
pSZ1471 did not result in a decrease in C18:2 fatty acid levels
but instead showed a slight increase when compared to wild-
type 1 and wildtype 2, respectively and a slight decrease in
C16:0 fatty acid levels.

C. Expression of an Exogenous Stearoyl-ACP Desaturase

The Olea europaea stearoyl-ACP desaturase (GenBank
Accession No. AAB67840.1) was introduced into a Prototh-
eca moriformis UTEX1435 genetic background. The expres-
sion construct contained a 5' (SEQ ID NO:100) and 3' (SEQ
1D NO:101) homologous recombination targeting sequences
(flanking the construct) to the 6S genomic region for integra-
tion into the nuclear genome and a S. cerevisiae suc2 sucrose
invertase coding region under the control of C. reinhardtii
p-tubulin promoter/SUTR and Chlorella vulgaris nitrate
reductase 3' UTR. This S. cerevisiae suc2 expression cassette
is listed as SEQ ID NO:78 and served as a selection marker.
The Olea europaea stearoyl-ACP desaturase coding region
was under the control of the Prototheca moriformis Amt03
promoter/5'UTR (SEQ ID NO:84) and C. vulgaris nitrate
reductase 3'UTR, and the native transit peptide was replaced
with the Chlorella protothecoides stearoyl-ACP desaturase
transit peptide (SEQID NO:86). The codon-optimized cDNA
sequences and amino acid sequences (with the replaced tran-
sit peptide) are listed in the Sequence Listing as SEQ ID
NO:98 and SEQ ID NO:99, respectively. The entire O. euro-
paea SAD expression cassette was termed pSZ1377 and
transformed into a Prototheca moriformis genetic back-
ground. Positive clones were screened on plates with sucrose
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as the sole carbon source. A subset of the positive clones were
selected and grown under lipid production conditions and
fatty acid profiles were determined using direct transesterifi-
cation methods as described above. The fatty acid profiles of
the selected clones are summarized in Table 18 below.

TABLE 18

Fatty acid profile of Olea europaea stearoyl-ACP
desaturase transgenic Prototheca moriformis cells.

Strain C14:0 C16:0 C18:0 C18:1 C18:2
wildtype 0.88 22.82 3.78 64.43 6.54

pSZ1377 0.94 18.60 1.50 69.45 7.67

clone A

pSZ1377 0.93 18.98 1.35 69.12 7.67

clone B

pSZ1377 0.93 19.01 2.31 68.56 7.43

clone C

The above results demonstrate that the introduction of a
heterologous desaturase, in this case a stearoyl-ACP desatu-
rase from Olea europaea, can result in higher levels of C18:1
fatty acid and a concomitant decrease in C18:0 and C16:0
fatty acid levels.

Example 5
Cultivation of Oleaginous Yeast
Oleaginous yeast strains used in this and subsequent
Examples were obtained from either the Deutsche Sammlung

von Mikroorganismen un Zellkulturen GmbH (DSMZ),
located at Inhoffenstrabe 7B, 38124 Braunschweig, Ger-
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many, or Centraalbureau voor Schimmelscultures (CBS)
Fungal Biodiversity Centre located at P.O. Box 85167, 3508
Utrecht, the Netherlands. One hundred eighty five oleaginous
yeast strains were screened for growth rate and lipid produc-
tion.

All strains were rendered axenic via streaking to single
colonies on YPD agar (YPD medium as described below with
2% agar added) plates. Single colonies from the YPD plates of
each strain were picked and grown to late log phase in YPD
medium (10 g bacto-yeast extract, 20 g bacto-peptone and 20
g glucose/1 L final volume in distilled water) on a rotary
shaker at 200 rpm at 30° C.

For lipid productivity assessment, 2 ml, of YPD medium
was added to a S0 mL tared Bioreactor tube (MidSci, Inc.) and
inoculated from a frozen stock of each strain. The tubes were
then placed in a 30° C. incubator and grown for 24 hours,
shaking at 200 rpm to generate a seed culture. After 24 hours,
8 mL of Y1 medium (Yeast nitrogen base without amino
acids, Difco) containing 0.1M phthalate buffer, pH 5.0 was
added and mixed well by pipetting gently. The resulting cul-
ture was divided equally into a second, tared bioreactor tube.
The resulting duplicate cultures of 5 mL each were then
placed in a 30° C. incubator with 200 rpm agitation for 5 days.
The cells were then harvested for lipid productivity and lipid
profile. 3 mL of the culture was used for determination of dry
cell weight and total lipid content (lipid productivity) and 1
ml. was used for fatty acid profile determination. In either
case, the cultures were placed into tubes and centrifuged at
3500 rpm for 10 minutes in order to pellet the cells. After
decanting the supernatant, 2 ml. of deionized water was
added to each tube and used to wash the resulting cell pellet.
The tubes were spun again at 3500 rpm for 10 minutes to
pellet the washed cells, the supernatant was then decanted and
the cell pellets were placed in a =70° C. freezer for 30 min-
utes. The tubes were then transferred into a lyophilizer over-
night to dry. The following day, the weight of the conical tube
plus the dried biomass resulting from the 3 mL culture was
recorded and the resulting cell pellet was subjected to total
lipid extraction using an Ankom Acid Hydrolysis system
(according to the manufacturer’s instructions) to determine
total lipid content.

Of the 185 strains screened, 30 strains were chosen based
on the growth rate and lipid productivity. The lipid produc-
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tivity (expressed as percent lipid of dry cell weight) of these
30 strains is summarized below in Table 19.

TABLE 19
Lipid productivity of oleaginous yeast strains.
% Lipid

Species Collection No. (DCW)
Rhodotorula terpenoidalis CBS 8445 27
Rhodotorula glutinus DSMZ 70398 53.18
Lipomyces tetrasporous CBS 1810 51
Lipomyces tetrasporous CBS 7656 17.63
Lipomyces tetrasporous CBS 8724 18
Cryptococcus curvatus CBS 5324 53
Cryptococcus curvatus CBS 2755 48
Rhodosporidium sphaerocarpum CBS 2371 43
Rhodotorula glutinus CBS 4476 30.97
Lipomyces tetrasporous CBS 1808 29
Trichosporon domesticum CBS 8111 35.16
Trichosporon sp. CBS 7617 40.09
Lipomyces tetrasporous CBS 5911 27.63
Lipomyces tetrasporous CBS 5607 12.81
Cryptococcus curvatus CBS 570 38.64
Cryptococcus curvatus CBS 2176 40.57
Cryptococcus curvatus CBS 5163 35.26
Torulaspora delbruekii CBS 2924 40.00
Rhodotorula toruloides CBS 8761 36.52
Geotrichum histeridarum CBS 9892 33.77
Yarrowia lipolytica CBS 6012 29.21
Geotrichum vulgare CBS 10073 28.04
Trichosporon montevideense CBS 8261 25.60
Lipomyces starkeyi CBS 7786 2543
Trichosporon behrend CBS 5581 23.93
Trichosporon loubieri var. loubieri CBS 8265 22.39
Rhodosporidium toruloides CBS 14 21.03
Trichosporon brassicae CBS 6382 20.34
Rhodotorula aurantiaca CBS 317 1751
Sporobolomyces alborubescens CBS 482 10.09

Cell pellets resulting from 1 mL culture were subjected to
direct transesterification and analysis by GC for fatty acid
profile determination. A summary of the fatty acid profiles for
17 of the above yeast strains are summarized below in Table
20.

TABLE 20

Fatty acid profiles of oleaginous yeast strains.

Collection
Species No. C12:0 Cl40 C15:0 Cl6:0 Clé:l  C17:0 Cl17:1  C180 C181 Cl182 =>C20
Rhodotorula CBS 8445 0.06 0.8 0.02 27.44 0.67 0.03 0.03 5.6 59.44 337 213
terpenoidalis
Rhodotorula DSMZ 0.05 1.55 0.09 27.34 0.34 0.23 0.08 10.47  44.68 11.65 2.23
glutinus 70398
Lipomyces CBS 1810 nd 0.26 0.08 24.22 2.13 0.28 0.30 9.93  55.04 448 301
tetrasporous
Lipomyces CBS 76556 nd 0.293 0212 2814 4.24 0.37 0.66 6.61 4848 833 1.178
tetrasporous
Lipomyces CBS 8724 nd 0.27 0.08 30.69 2.12 0.27 0.24 11.8 46.71 436 2.89
tetrasporous
Cryptococcus CBS 5324 nd 0.27 0.22 23.31 0.49 0.12 0.09 11.55  50.78 10.80  1.61
curvatus
Cryptococcus CBS 27556 nd 0.62 0.03 25.07 0.31 0.05 0.03 17.07 4574 14.60  2.01
curvatus
Rhodosporidium  CBS 2371 0.03 0.68 0.03 17.86 0.13 0.54 0.17 10.4 51.01 14.60  1.82
sphaerocarpum
Rhodotorula CBS 4476 0.021 0.47 0.02 24.64 0.16 0.064 0.27 1373 4246 16.29  1.642

glutinus
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TABLE 20-continued
Fatty acid profiles of oleaginous yeast strains.
Collection
Species No. C12:0 C14:0 C15:0 C16:0 Cl6:1 C17:0 C17:1 C18:0 C18:1 C18:2 >C20
Lipomyces CBS 1808 0.01 0.40 0.12 26.64 3.11 0.25 0.39 7.39 54.15 3.96 234
tetrasporous
Trichosporon CBS 8111 0.066 0.486 0.10 23.19 0.11 0.37 0.033 30.65 29.75 11.66 3.414
domeslicum
Trichosporon CBS 7617 0.046 0.527 0.063 24.26 0.187 0.171 0.026 19.61 41.95 9.97 261
sp.
Lipomyces CBS 5911 0.017 0.45 0.16 30.79 3.56 0.29 0.48 7.77 49.99 440 1433
tetrasporous
Lipomyces CBS 5607 nd 0.35 0.17 37.56 3.0 0.328 0.40 9.31 42.36 428 1376
tetrasporous
Cryptococcus CBS 570 0.017 0.21 0.09 12.78 0.13 0.147 0.09 19.6 53.17 842 401
curvatus
Cryptococcus CBS 2176 0.02 0.31 0.09 19.0 0.87 0.08 0.10 7.24 60.51 9.26 2.154
curvatus
Cryptococcus CBS 5163 0.019 0.34 0.06 22.7 0.70 0.13 0.10 10.65 51.36 10.34  2.24
curvatus

nd denotes none detected.

Fatty acid profile analysis was performed on additional
strains of oleaginous yeast and several strains were found to
produce a high percentage of C16:1 fatty acid including,
Torulaspora delbruekii CBS 2924. This oleaginous yeast
strain had a lipid productivity of approximately 40% lipid as
a percentage of DCW and a fatty acid profile of: C12:0
(0.36%); C14:0 (1.36%); C15:0 (0.16%); C16:0 (10.82%); C
16:1 (42.9%); C17:0 (0.11%); C18:0 (2.1%); Cl18:1
(35.81%); C18:2 (4.62%). This strain was found to have a
particularly high percentage of C16:1 (palmitoleic acid) as
part of its fatty acid profile. Four additional strains were
identified as producing a high percentage 16:1: Yarrowia
lipolytica CBS 6012 (10.10%); Yarrowia lipolytica CBS
6331 (14.80%), Yarrowia lipolytica CBS 10144 (12.90%)
and Yarrowia lipolytica CBS 5589 (14.20%).

Example 6
Genotyping Oleaginous Yeast Strains

Genotyping of 48 different strains of oleaginous yeast was
performed. Genomic DNA was isolated from each of the 48
different strains of oleaginous yeast biomass as follows. Cells
(approximately 200 mg) were centrifuged from liquid cul-
tures 5 minutes at 14,000xg. Cells were then resuspended in
sterile distilled water, centrifuged 5 minutes at 14,000xg and
the supernatant discarded. A single glass bead ~2 mm in
diameter was added to the biomass and tubes were placed at
-80° C. for at least 15 minutes. Samples were removed and
150 pl of grinding buffer (1% Sarkosyl, 0.25 M Sucrose, 50
mM NaCl, 20 mM EDTA, 100 mM Tris-HCI, pH 8.0, RNase
A 0.5 ug/ul) was added. Pellets were resuspended by vortex-
ing briefly, followed by the addition of 40 ul of 5SM NaCl.
Samples were vortexed briefly, followed by the addition of 66
ul of 5% CTAB (Cetyl trimethylammonium bromide) and a
final brief vortex. Samples were next incubated at 65° C. for
10 minutes after which they were centrifuged at 14,000xg for
10 minutes. The supernatant was transferred to a fresh tube
and extracted once with 300 pl of Phenol:Chloroform:
Isoamyl alcohol 12:12:1, followed by centrifugation for 5
minutes at 14,000xg. The resulting aqueous phase was trans-
ferred to a fresh tube containing 0.7 vol of isopropanol (~190
ul), mixed by inversion and incubated at room temperature for
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30 minutes or overnight at 4° C. DNA was recovered via
centrifugation at 14,000xg for 10 minutes. The resulting pel-
let was then washed twice with 70% ethanol, followed by a
final wash with 100% ethanol. Pellets were air dried for 20-30
minutes at room temperature followed by resuspension in 50
pl of 10 mM TrisCl, 1 mM EDTA (pH 8.0).

Five pl of total algal DNA, prepared as described above,
was diluted 1:50 in 10 mM Tris, pH 8.0. PCR reactions, final
volume 20 ul, were set up as follows. Ten pl of 2x iProof HF
master mix (BIO-RAD) was added to 0.4 ul primer SZ5434
forward primer (5' GTCCCTGCCCTTTGTACACAC-3'
(SEQ ID NO:39) at 10 mM stock concentration) and 0.4 ul
primer SZ5435 reverse primer (5'-TTGATATGCTTAAGT-
TCAGCGGG-3' (SEQ ID NO:40) at 10 mM stock concen-
tration). The primers were selected based on sequence con-
servation between three prime regions of 18S and five prime
regions of fungal 26S rRNA genes. The forward primer is
identical to nucleotides 1632-1652 of Genbank Ascension
#AY 550243 and the reverse primer is identical to nucleotides
464271-464293 of Genbank Ascension #NC__001144. Next,
5 ul of diluted total DNA and 3.2 pl dH,O were added. PCR
reactions were run as follows: 98° C., 45", 98° C., 8"; 53°C.,
12";72° C., 20" for 35 cycles followed by 72° C. for ] minand
holding at 25° C. For purification of PCR products, 20 ul of 10
mM Tris, pH 8.0, was added to each reaction, followed by
extraction with 40 pl of Phenol:Chloroform:isoamyl alcohol
12:12:1, vortexing and centrifuging at 14,000xg for 5 min-
utes. PCR reactions were applied to S-400 columns (GE
Healthcare) and centrifuged for 2 minutes at 3,000xg. The
resulting purified PCR products were cloned and transformed
into E. coli using ZeroBlunt PCR4Blunt-TOPO vector kit
(Invitrogen) according to manufacturer’s instructions.
Sequencing reactions were carried out directly on ampicillin
resistant colonies. Purified plasmid DNA was sequenced in
both directions using M13 forward and reverse primers. Puri-
fied PCR products were subsequently TOPO cloned into
PCR8/GW/TOPO and positive clones selected for on
LB/Spec plates. Purified plasmid DNA was sequenced in
both directions using M13 forward and reverse primers.

A list of the 48 strains of oleaginous yeast that were geno-
typed is in Table 21 along with the corresponding SEQ 1D
NOs.
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TABLE 21

Genotyped oleaginous veast strains.

Strain Name Strain Number SEQ ID NO
Rhodotorula glutinis DSMZ- SEQ ID NO: 41
DSM 7098

Lipomyces tetrasporus CBS 5911 SEQ ID NO: 41
Rhodotorula glutinis var. glutinis CBS 3044 SEQ ID NO: 42
Lipomyces tetrasporus CBS 8664 SEQ ID NO: 42
Lipomyces tetrasporus CBS 1808 SEQ ID NO: 43
Lipomyces tetrasporus CBS 1810 SEQ ID NO: 43
Lipomyces starkeyi CBS 1809 SEQ ID NO: 44
Trichosporon montevideense CBS 8261 SEQ ID NO: 44
Yarrowia lipolytica CBS 6331 SEQ ID NO: 45
Cryptococcus curvatus CBS 5324 SEQ ID NO: 46
Rhodotorula mucilaginosa var. CBS 316 SEQ ID NO: 46
mucilaginosa

Cryptococcus curvatus CBS 570 SEQ ID NO: 46
Cryptococcus curvatus CBS 2176 SEQ ID NO: 46
Cryptococcus curvatus CBS 2744 SEQ ID NO: 46
Cryptococcus curvatus CBS 2754 SEQ ID NO: 46
Cryptococcus curvatus CBS 2829 SEQ ID NO: 46
Cryptococcus curvatus CBS 5163 SEQ ID NO: 46
Cryptococcus curvatus CBS 5358 SEQ ID NO: 46
Trichosporon sp. CBS 7617 SEQ ID NO: 47
Sporororbolomyces alborubescens CBS 482 SEQ ID NO: 48
Rhodotorula glutinis var. glutinis CBS 324 SEQ ID NO: 49
Rhodotorula glutinis var. glutinis CBS 4476 SEQ ID NO: 50
Trichosporon behrend CBS 5581 SEQ ID NO: 51
Geotrichum histeridarum CBS 9892 SEQ ID NO: 52
Rhodotorula aurantiaca CBS 8411 SEQ ID NO: 53
Cryptococcus curvatus CBS 8126 SEQ ID NO: 53
Trichosporon domesticum CBS 8111 SEQ ID NO: 54
Rhodotorula toruloides CBS 8761 SEQ ID NO: 55
Rhodotorula terpendoidalis CBS 8445 SEQ ID NO: 56
Yarrowia lipolytica CBS 10144 SEQ ID NO: 57
Rhodotorula glutinis var. glutinis CBS 5805 SEQ ID NO: 58
Yarrowia lipolytica CBS 10143 SEQ ID NO: 59
Lipomyces tetrasporus CBS 5607 SEQ ID NO: 60
Yarrowia lipolytica CBS 5589 SEQ ID NO: 61
Lipomyces tetrasporus CBS 8724 SEQ ID NO: 62
Rhodosporidium sphaerocarpum CBS 2371 SEQ ID NO: 63
Trichosporon brassicae CBS 6382 SEQ ID NO: 64
Cryptococcus curvatus CBS 2755 SEQ ID NO: 65
Lipomyces tetrasporus CBS 7656 SEQ ID NO: 65
Lipomyces starkeyi CBS 7786 SEQ ID NO: 66
Yarrowia lipolytica CBS 6012 SEQ ID NO: 67
Trichosporon loubieri var. loubieri CBS 8265 SEQ ID NO: 68
Geotrichum vulgare CBS 10073 SEQ ID NO: 69
Rhodosporidium toruloides CBS 14 SEQ ID NO: 70
Rhodotorula glutinis var. glutinis CBS 6020 SEQ ID NO: 71
Lipomyces orientalis CBS 10300 SEQ ID NO: 71
Rhodotorula aurantiaca CBS 317 SEQ ID NO: 72
Torulaspora delbrueckii CBS 2924 SEQ ID NO: 73

Example 7

Cultivation of Rhodococcus opacus to Achieve High
Oil Content

A seed culture of Rhodococcus opacus PD630 (DSM
44193, Deutsche Sammlung von Mikroorganismen and
Zellkuttwen GmbH) was generated using 2 ml of a cryo-
preserved stock inoculated into 50 ml of MSM media with 4%
sucrose (see Schlegel, et al., (1961) Arch Mikrobiol 38, 209-
22)in a 250 ml baffle flask. The seed culture was grown at 30°
C. with 200 rpm agitation until it reached an optical density of
1.16 at 600 nm. 10 ml of the seed flask culture was used to
inoculate cultures for lipid production under two different
nitrogen conditions: 10 mM NH,Cl and 18.7 mM NH,CI
(each in duplicate). The growth cultures were grown at 30° C.
with 200 rpm agitation for 6 days. Cells grown in the 10 mM
NH,Cl condition reached a maximal 57.2% (average) lipid by
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DCW after 6 days of culture. Cells grown in the 18.7 mM
NH,Cl condition reached a maximal 51.8% (average) lipid by
DCW after 5 days in culture.

A sample of Rhodococcus opacus biomass was subjected
to direct transesterification and analyzed via GC/FID for a
fatty acid profile. The results were: C14:0 (2.33); C15:0
(9.08); C16:0 (24.56);, Cl6:1 (11.07); C17:0 (10.50); 2
double bond equivalent (2 DBE) C17 species (19.90); C18:0
(2.49); C18:1 (17.41);C18:2 (0.05); C19:0 (0.75)and 2 DBE
C19 species (1.87).

Example 8

Extraction of Oil from Microorganisms

A. Extraction of Oil from Microalgae Using an Expeller
Press and a Press Aid

Microalgal biomass containing 38% oil by DCW was dried
using a drum dryer resulting in resulting moisture content of
5-5.5%. The biomass was fed into a French 1.250 press. 30.4
kg (67 1bs.) of biomass was fed through the press and no oil
was recovered. The same dried microbial biomass combined
with varying percentage of switchgrass as a press aid was fed
through the press. The combination of dried microbial biom-
ass and 20% w/w switchgrass yielded the best overall per-
centage oil recovery. The pressed cakes were then subjected
to hexane extraction and the final yield for the 20% switch-
grass condition was 61.6% of the total available oil (calcu-
lated by weight). Biomass with above 50% oil dry cell weight
did not require the use of a pressing aid such as switchgrass in
to extract oil. Other methods of extraction of oil from microal-
gae using an expeller press are described in PCT Application
No. PCT/US2010/31108, incorporated herein by reference.

B. Extraction of Oil from Oleaginous Yeast Using an
Expeller Press

Yeast strain Rhodotorula glutinis (DSMZ-DSM 70398)
was obtained from the Deutsche Sammlung von Mikroorgan-
ismen and Zellkulturen GmbH (German Collection of Micro-
organism and Cell Culture, Inhoffenstrafe 7B, 38124 Braun-
schweig, Germany. Cryopreserved cells were thawed and
added to 50 mL. YPD media (described above) with 1xDAS
vitamin solution (1000x: 9 g/L, tricine; 0.67 g/L. thiamine-
HCI; 0.01 g/I. d-biotin; 0.008 cyannocobalamin; 0.02 cal-
cium pantothenate; and 0.04 g/I. p-Aminobenzoic acid) and
grown at 30° C. with 200 rpm agitation for 18-24 hours until
an OD reading was over 50D (A600). The culture was then
transferred to 7-L fermentors and switched to YP1 medium
(8.5 g/L. Difco Yeast Nitrogen Base without Amino Acids and
Ammonium Sulfate, 3 g/[. Ammonium Sulfate, 4 g/I, yeast
extract) with 1xDAS vitamin solution. The cultures were
sampled twice per day and assayed for OD (A600), dry cell
weight (DCW) and lipid concentration. When the cultures
reached over 50 g/I. DCW, the cultures were harvested. Based
on dry cell weight, the yeast biomass contained approxi-
mately 50% oil. Two samples of yeast biomass were sub-
jected to direct transesterification and analyzed via GC/FID
for a fatty acid profile. The results are expressed in Area
Percent, and shown in Table 22, below.
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TABLE 22
Fatty acid profile of transesterified yeast biomass samples.
Cl0:0 Cl12:0 Cl40 CI50 Cl60 Cl6:l  Cl7:0 CI80 Cl&1 Cl82 Cl83a =C:20

Sample 1 003 021 336 025 3326 076 020 688 4268 928 133 Ll
Sample2 002 010 218 012 2994 049 016 817 4812 7.8 084 145

The harvested yeast broth was dried using three different 10 Example 9
methods for comparison: (1) tray dried in a forced air oven at ) )
75° C. overnight; (2) dried on a drum dryer without concen- Processing of Extracted Oil
tration; and (3) the yeast broth was concentrated to 22% solids ) )
and the slurry was then dried on a drum dryer. Material from s Lowering of Pour Point

each of the three different drying conditions was heat condi-
tioned and fed through a screw press for oil extraction. The
press temperature was at 150° F. and the conditioned dried
yeast biomass was held at about 190° F. until it was ready to
be fed into the press.

The moisture content of the tray dried yeast was 1.45% and
the dried yeast was then conditioned in an oven at 90° C. for
10 minutes. The moisture content after conditioning was
0.9%. The conditioned tray dried material was then fed into a
bench-top Taby screw press (Taby Pressen Type 70 oil press
with a 2.2 Hp motor and 70 mm screw diameter) for oil
extraction. This material did not yield any significant amount
of oil and heavy footing was observed with the press.

The moisture content of the drum dried yeast broth without
concentration was 5.4% and the drum dried yeast was then
conditioned in an oven at 90° C. for 20 minutes. The moisture
content after conditioning was 1.4%. The conditioned drum
dried yeast was then fed into a bench-top Taby screw press for
oil extraction. This material oiled well, with minimal footing.

The moisture content of the drum dried concentrated yeast
broth was 2.1% and the drum dried concentrated yeast was
then conditioned in an oven at 90° C. for 20 minutes. The
moisture content after conditioning was 1.0%. The condi-
tioned drum dried concentrated yeast was then fed into a
bench-top Taby screw press for oil extraction. This material
oiled well, with minimal footing.

C. Drying and Oil Extraction from Oleaginous Bacteria

Oleaginous bacteria strain Rhodococcus opacus PD630
(DSMZ-DSM 44193) was cultured according to the methods
provided herein to produce oleaginous bacteria biomass with
approximately 32% lipid by DCW.

The harvested Rhodococcus opacus broth was concen-
trated using centrifugation and then washed with deionized
water and resuspended in 1.8 L. of deionized water. 50 grams
of purified cellulose (PB20-Pre-co-Floc, EP Minerals,
Nevada) was added to the resuspended biomass, and the total
solids was adjusted with deionized water to 20%. The Rhodo-
coccus biomass was then dried on a drum drier and the mois-
ture content of the Rhodococcus after drum drying was
approximately 3%.

The drum-dried material was then heat conditioned in a
oven at 130° C. for 30 minutes with a resulting moisture
content of approximately 1.2%. The heat conditioned biom-
ass was then fed through a bench top Taby press (screw press)
for oil extraction. The press temperature was at 209° F. and
the conditioned dried yeast biomass was held at about 240° F.
until it was ready to be fed into the press. Oil recovery was
accompanied by heavy footing.
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Summary

Microbial oil prepared in accordance with the foregoing
examples can be processed in accordance with the methods
described herein to improve its properties for use in foods and
lubricants. In addition to the microbes described in the above
examples, the microalgae Chlorella protothecoides is an
excellent producer of microbial oil. For methods of culturing
Chlorella species and strains to obtain high oil and to extract
oil therefrom, see PCT Pub. Nos. 2008/151149, 2010/
120939, and 2010/138,620, incorporated herein by reference.

Pour point was reduced in oil obtained from Chlorella
protothecoides by reducing the relative proportion of the satu-
rated fraction, which consists primarily of palmitic and
stearic triglycerides known in the trade as the stearin fraction.
This was accomplished by fractionating the oil to reduce the
saturated triglycerides concentration of the oil. This was done
by crystallizing or dry fractionation, similar to the winterizing
process known in the vegetable oil industry. The algal oil was
first refined, bleached and deodorized by methods described
above (methods similar to those used in the vegetable oil
industry could also be employed) to produce “RBD oil”.

The temperature of the RBD oil was lowered in a con-
trolled manner until crystal nuclei were formed. The oil was
then held at that crystallization temperature for several hours
to facilitate growth of the crystals. The crystals were then
removed by filtration to result in two fractions: a solid phase
containing some or most of the stearin fraction, and a liquid
phase containing mostly the olein fraction. The liquid phase
was subjected to fractionation again to a lower crystallization
temperature to effect a further removal of stearin. The result-
ing purified liquid fraction, equivalent to a super olein as
commonly known in the vegetable oil industry, has better
thermal properties than the native algal oil.

Materials and Methods

Materials

Algal oil (refined, bleached, and deodorized) was produced
by Solazyme, Inc (South San Francisco, Calif.). Table 23
summarizes the properties of the oil used in the study.

TABLE 23

Properties of algal oil used in the study

Analysis Value
Moisture [%] 0.01
Free fatty acid [% as oleic] 0.03
Todine value 83.5
Fatty Acid Profile

8:0 0.00
10:0 0.00
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TABLE 23-continued

Properties of algal oil used in the study

Analysis Value
12:0 0.03
14:0 1.12
16:0 14.02
18:0 3.24
18:1 67.73
18:2 11.18
18:3 0.62
20:0 0.32
20:1 0.20

Poly alkyl methacrylate copolymer-based Pour Point
Depressant (PPD) VISCOPLEX® 10-310 containing ~50%
(w/w) of rapeseed oil carrier and VISCOPLEX® 1-133 con-
taining refined mineral oil carrier were supplied by Rohm-
Max Evonik (Horsham, Pa.).

Methods

A. Dry Fractionation: Crystallization

Around 2.5 kg of algal oil was placed in a 3-L jacketed
vessel connected to a temperature-controlled circulating
water bath, which served to heat and cool the product (Crys-
tallization & Degumming, Charleroi, Belgium). The reactor
was fitted with a variable-speed agitator. Cooling was con-
trolled by monitoring the temperatures of the oil and the water
circulating between the double walls of the reactor. A droplet
of crystal suspension was sampled from the reactor with a
stick and deposited on a coverslip to monitor crystal forma-
tion at the end of cooling. The sample was analyzed imme-
diately under a microscope before the crystals had a chance to
melt.

The overall cooling pattern is shown in FIG. 1. Agitator
speed was 30 rpm during the first phase and 15 rpm up to the
end of the cooling program.
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and filtration process described above following the cooling
program shown in FIG. 2. Algal super olein #2 and #3 were
produced by first fractionating deodorized oil and repeating
the crystallization and filtration process using a cooling pro-
gram similar to that shown in FIG. 2.

C. Pour Point (PP)

Pour Point Depressants (0.5 and 1.0 grams) were weighed
into flasks. Algal oil, olein and superolein fractions (100
grams) were added to each flask. The mixtures were mixed
thoroughly. Each sample was tested according to the D 97
ASTM (The American Society for Testing and Materials)
standard method. The sample was poured into a test tube and
heated without stirring in a water bath where the temperature
was set at 48.0° C. The sample was heated until it reached
46.0° C. After heating, the sample was cooled to 25.0° C. (in
a water bath). The sample was then placed in a metal cylinder
in a methanol bath. The temperature of the methanol bath was
setat —=1.0° C. 10 -2.0° C. until the temperature of the sample
reached 10.0° C. Then, the temperature of the methanol bath
was reduced to —17.0° C. until the temperature of the sample
reached -7.0° C. When the temperature of the sample was
about 11.0° C. above the expected pour point, the sample was
taken out of the methanol bath at every reduction by 3.0° C.,
to check the pour ability. The pour point of the sample was
determined as the temperature when the sample in the test
tube stopped pouring when taken out of the methanol bath. To
the temperature recorded, 3.0° C. was added, to give the
actual pour point value of the sample.

The properties of the oil produced at each step could be
further improved in accordance with the methods described
herein by the addition of a chemical pour point depressant that
reduced the pour point even further. The pour point depres-
sants used for this example were VISCOPLEX® 10-310 and
1-133, both produced by Evonik, but similar results could be
obtained using any standard pour point depressant. The
results are shown in Table 24, below, and in FIG. 3.

TABLE 24

Effect of Fractionation and Pour Point ‘© Depressants on Algal Oil (° C.)

No  VISCOPLEX ®10-310®  VISCOPLEX ® 1-133 &
additive (%% w:w) (% w:w)

SAMPLE 0 0.5 1 0.5 1
Refined, Bleached, Deodorized oil -8 -17 =20 -14 -16
Olein #1 (liquid from 1st fractionation) -11 -19 -20 -16 -17
Super Olein #1 (liquid from -20 -26 NT NT NT
olein fractionation = 2nd pass)

Super Olein #2 (liquid from -14 -20 -23 NT NT
olein fractionation = 2nd pass)

Super Olein #3 (liquid from -20 =23 -29 NT NT

olein fractionation = 2nd pass)

O Pour point ASTM D97

2 50:50 mix of poly(alkyl) acrylate and rapeseed oil. Rated biodegradable
3 Mix of poly(alkyl) acrylate and refined mineral oil.

NT = Not Tested.

B. Dry Fractionation: Filtration

At the end of crystallization, the crystal suspension was
filtered using a 1-I. membrane press filter (Choquenet SA,
Chauny, France). Filtration was carried out in a chamber that
was kept at the final cooling temperature. The filtration time
was 20 min and the filter supply pressure was 4 barg.

At the end of the separation step, the stearin and olein
fractions were weighed, the fraction yields calculated, and a
sample of each fraction was set aside for further analysis.
Algal super olein #1 was produced by processing the olein
from the first fractionation and repeating the crystallization
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Example 10

Pour Points of Oil Produced from Engineered
Microalgae

Protheca moriformis (UTEX 1435) was transformed with
one of the following plasmid constructs in Table 25 using the
methods of Example 2.
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TABLE 25

Plasmid constructs used to transform
Protheca moriformis (UTEX 1435).

Plasmid
Construct Sequence Elements

6SA-CrbTub__yInv_ nr::CrbTub__hpFADc_ nr-6SB
6SA-bTub-yInv-nr-6SB
FADc5'_btub-yInv-nr::amt03-S106SAD-CtOTE-nr-FADc3'
SAD2B5'-CrbTub__yInv_ efl::amt03__ CWTE2_ nr-SAD2B3'

Bow o~

Each of the constructs contained a region for integration
into the nuclear genome and a S. cerevisiae suc2 sucrose
invertase coding region under the control of C. reinhardtii
p-tubulin promoter/SUTR and Chlorella vulgaris nitrate
reductase 3' UTR. This S. cerevisiae suc2 expression cassette
is listed as SEQ ID NO:78 and served as a selection marker.
Relevant sequences for the targeting regions used for nuclear
genome integration are shown below.

Description SEQ ID NO:

5'sequence for the 6S genomic targeting sequence
3'sequence for the 6S genomic targeting sequence
5'sequence for genomic integration at the FADc locus
3'sequence for genomic integration at the FADc locus
5'sequence for genomic integration at the SAD2B
locus

3'sequence for genomic integration at the SAD2B
locus

SEQ ID NO: 100
SEQ ID NO: 101
SEQ ID NO: 102
SEQ ID NO: 103
SEQ ID NO: 36

SEQ ID NO: 37

In addition to the sucrose selectable marker, three of the
four constructs also contained different, additional sequences
for the expression of either proteins or RNA. Table 26 lists
important enzymes or hairpin RNA cassettes that are encoded
by the DNA sequence in the indicated construct. All protein
coding regions were codon optimized to reflect the codon bias
inherent in Prototheca moriformis UTEX 1435 (see Table 2)
nuclear genes. Both amino acid sequences and the cDNA
sequences for the construct used are listed in the sequence
listing.

TABLE 26

Plasmid constructs for thioesterases or hairpin RNA expression
used to transform Protheca moriformis (UTEX 1435).

Plasmid
construct  Protein or hairpin RNA Seq ID NO:
1 FADc hairpin SEQ ID NO: 92
3 Carthamus tinctorius ACP SEQ ID NO: 104
thioesterase (GenBank Accession No:
AAA33019.1)
4 Cuphea wrightii FatB2 thioesterase SEQ ID NO: 105

(GenBank Accession No. U56104)

Both the Carthamus tinctorius ACP thioesterase (CtOTE
in Construct 3) and the Cuphea wrightii FatB2 thioesterase
(CwTE2 in Construct 4) coding regions were under the con-
trol of the Prototheca moriformis Amt03 promoter/S'TUTR
(SEQ ID NO:84) and C. vulgaris nitrate reductase 3'UTR
(SEQ ID NO:85). The native transit peptide of the C. tincto-
rius ACP thioesterase was replaced with the Chlorella pro-
tothecoides stearoyl-ACP desaturase transit peptide (SEQ ID
NO:86). The codon-optimized cDNA sequences and amino
acid sequences (with the replaced transit peptide) of the C.
tinctorius ACP thioesterase are listed in the Sequence Listing
as SEQ ID NO:106 and SEQ ID NO:104, respectively. The
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codon-optimized cDNA sequences and amino acid sequences
of the Cuphea wrightii FatB2 thioesterase are listed in the
Sequence Listing as SEQ ID NO:107 and SEQ ID NO:105,
respectively. Construct 1 containing the FADc hairpin RNA is
described in Example 4.

Each construct was transformed into a Prototheca morifor-
mis genetic background. Positive clones were screened on
plates with sucrose as the sole carbon source. A subset of the
positive clones were selected and grown under lipid produc-
tion conditions. Wild type UTEX 1435 was grown using
glucose while all other transgenic lines were cultivated in
sucrose. For each construct, transformants were grown and
oil was isolated. The isolated oils were analyzed for fatty acid
profiles and the pour points were determined as described
herein. Pour points were determined using the ASTM D97
standard test method for pour point evaluation. The fatty acid
profiles and the pour points of the oils for transgenic strains
are shown in Table 27 below. Table 27 discloses the data for
successful manipulation of the pour points of the oils pro-
duced by genetically engineered microalgae. The pour point
of the oil transformed with Construct 3 was decreased from
-10.5°C. t0 -19.5° C.

TABLE 27

Fatty acid profiles and pour point temperatures of Prototheca moriformis
cells containing different constructs.

Wild Construct Construct Construct  Construct

Type 1 2 3 4
C6:0 0 0 0 0 0
C8:0 0 0 0 0 0
C10:0 0 0 0.01 0.03 0.01
C12:0 0.03 0.02 0.03 0.11 0.03
C14:0 1.12 0.68 0.75 0.90 1.08
C16:0 14.02 15.55 13.26 7.75 26.09
C18:0 3.24 3.79 5.26 1.78 12.37
C18:1 67.76 76.84 71.75 86.40 53.42
C18:2 11.49 091 6.44 0.12 4.38
Cl18:3a 0.62 0.09 0.07 0.02 0.2
Pour Point -10.5°C.  -7.6°C. -7.6°C. -19.5°C. 104°C.

Example 11

Engineered Microalgae with Altered Fatty Acid
Profiles

As described above, integration of heterologous genes to
knockout or knockdown specific endogenous lipid pathway
enzymes in Prototheca species can alter fatty acid profiles. As
endogenous fatty acyl-ACP thioesterases catalyze the cleav-
age of a fatty acid from an acyl carrier protein during lipid
synthesis, they are important lipid pathway enzymes in estab-
lishing the lipid profile of the host organism. Plasmid con-
structs were created to assess whether the lipid profile of a
host cell can be affected as a result of a knockout or knock-
down of an endogenous fatty acyl-ACP thioesterase gene,
FATAL.

A. Altering Fatty Acid Profiles by Knockout of an Endog-
enous Prototheca moriformis Thioesterase Gene

A classically mutagenized derivative of Protheca morifor-
mis UTEX 1435, S1920, was transformed with one of the
following plasmid constructs in Table 28 using the methods of
Example 2. Each construct contained a region for integration
into the nuclear genome to interrupt the endogenous FATA1
gene and a S. cerevisiae suc2 sucrose invertase coding region
under the control of C. reinhardtii f-tubulin promoter/5'UTR
and Chlorella vulgaris nitrate reductase 3' UTR. This S. cer-
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evisiae suc2 expression cassette is listed as SEQ ID NO:78
and served as a selection marker. All protein coding regions
were codon optimized to reflect the codon bias inherent in
Prototheca moriformis UTEX 1435 (see Table 2) nuclear
genes. Relevant sequences for the targeting regions for the
FATAL1 gene used for nuclear genome integration are shown
below.

Description SEQ ID NO:

5'sequence for integration into FATAL locus
3'sequence for integration into FATAL locus

SEQ ID NO: 108
SEQ ID NO: 109

TABLE 28

Plasmid constructs used to transform
Protheca moriformis (UTEX 1435) S1920.

Plasmid

Construct Sequence Elements

pSZ1883 FATA1-CrbTub_yInv_ nr-FATA1

pSZ1925 FATA1-CrbTub_yInv_ nri:amt03_ CwTE2_ nr-FATA1

10

15

20
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Relevant restriction sites in the construct FATA1-CrbTu-
b_ylInv_nr-FATA1 are indicated in lowercase in the sequence
below, bold and underlining and are 5'-3' BspQ 1, Kpn I, Asc
I, Mfe I, Sac I, BspQ I, respectively. BspQI sites delimit the 5'
and 3' ends of the transforming DNA. Bold, lowercase
sequences represent genomic DNA from S1920 that permit
targeted integration at FATA1 locus via homologous recom-
bination. Proceeding in the 5'to 3' direction, the C. reinhardtii
p-tubulin promoter driving the expression of the yeast
sucrose invertase gene (conferring the ability of S1920 to
metabolize sucrose) is indicated by boxed text. The initiator
ATG and terminator TGA for invertase are indicated by
uppercase, bold italics while the coding region is indicated in
lowercase italics. The Chlorella vulgaris nitrate reductase 3'
UTR is indicated by lowercase underlined text followed by
the SI90 FATA1 genomic region indicated by bold, lowercase

text.

(SEQ ID NO: 111)

gctcttecggagtcactgtgecactgagttcgactggtagetgaatggagtegetgetecactaaacgaattgtcagcaccgeca

geecggecgaggaccegagtcatagegagggtagtagegegecatggcacegaccagectgettgecagtactggegtetette

cgettctetgtggtectetgegegeteccagegegtgegetttteeggtggatecatgeggteegtggegecacegecageggeegetyg

cccatgcagegececgetgettececgaacagtggeggtcagggecgeaccegeggtageecgtecgtecggaaccegeccaagagt

tttgggagcagettgagecctgecaagatggeggaggacaagegecatcttectggaggagecaceggtgegtggaggteegggg

ctgaccggececgtcecgecattcaacgtaatcaategecatgatgatcagaggacacgaagtettggtggeggtggecagaaacact

gtccattgecaagggcatagggatgegttecttcacctectcatttctcatttetgaatececcteecctgetcactetttetectectectte

ccgttcacgcageatte tacdctttcttgcgctatgacacttccagcaaaaggta C ctgcgagacggcttcececegge
g gcag ggggtacd 9cg g ] ggtagggegggetgcgagacgg EEE

pctgcatgcaacaccgatgatgcttcgacceccccgaagetectteggggetgcatgggegetecgatgecgetecagggegagegd]

Egtttaaatagccaggcccccgattgcaaagacattatagcgagctaccaaagccatattcaaacacctagatcactaccacttctacad

[eggccactcgagettgtgatcgcactecgetaagggggcgectcttectettegt ttcagtcacaacccgcaaadggegegecATd

ctgctgcaggecttectgttectgetggeeggettegecgecaagatcagegect ccatgacgaacgagacgtcecgaccgecccct

ggtgcacttcacceccaacaagggctggatgaacgacceccaacggectgtggtacgacgagaaggacgecaagtggecacctgt

acttccagtacaacccgaacgacaccgtcetgggggacgecct tgttetggggecacgecacgt ccgacgacctgaccaactggyg

aggaccagcccat cgccatcegecccgaagegcaacgactccggegect tetecgget ccatggtggtggactacaacaacacct

ccggettettecaacgacaccatcgaaccegegecagegetgegtggecat ctggacctacaacaccecggagtcecgaggagecagt

acatctcctacagectggacggeggctacaccttecaccgagtaccagaagaacccegtgetggecgecaact ccacccagttee

gegacccgaaggt cttetggtacgageccteccagaagtggateatgacegeggecaagteccaggactacaagat cgagatct

actcctceegacgacctgaagtcectggaagetggagtcegegt tegecaacgaggget tecteggetaccagtacgagtgeceegg

cctgatcgaggtccccaccgagcaggaccecageaagtectactgggtgatgttcat et ccat caaccooggegecccggecgy

cggctecttcaaccagtacttegteggeagettcaacggcacccacttegaggecttcgacaaccagtcccgegtggtggactteg

geaaggactactacgccctgcagaccttettcaacaccgacecgacctacgggagegecctgggeategegtgggect ccaact

gggagtactccgecttegtgeccaccaaccectggegetectccatgteaectegtgegeaagt tetecct caacacegagtaccag

gcocaacceggagacggagetgatcaacctgaaggecgagecgat cctgaacatcageaacgecggeccctggagecggtteg

ccaccaacaccacgttgacgaaggccaacagetacaacgtegacctgt ccaacageaccggeaccctggagttegagetggtyg
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-continued

tacgcegtcaacaccacccagacgatctecaagtcegtgttegeggaccteteactctggtt caagggectggaggaccecgagy

agtacctecgcatgggcettegaggtgt ccgegtectecttettoctggaccgegggaacagecaaggtgaagttecgtgaaggagaa

ccectacttecaccaaccgecatgagegtgaacaaccageccttcaagagegagaacgacctgtectactacaaggtgtacggettyg

ctggaccagaacatcctggagctgtacttcaacgacggegacgtegtgt ccaccaacacctact tecatgaccaccgggaacgec

ctgggctecgtgaacatgacgacgggggtggacaacctgttetacategacaagtt ccaggtgegegaggt caag TGA caatt

dgcagcagcagcteggatagtategacacactetggacgetggtegtgtgatggactgttgeegecacacttgetgecttgacetgtga

atatccctgecgettttatcaaacagectecagtgtgtttgatettgtgtgtacgegettttgegagttgcetagetgettgtgetatttgegaata

ccaccececageatececttecetegttteatategettgeateccaacegecaacttatetacgetgtectgetateectecagegetgetect

detectgetecactgecectegecacagecttggtttgggeteegectgtattetectggtactgeaacctgtaaaccagecactygcaatgetyg

atgcacgggaagtagtgggatgggaacacaaatggaggatcegtagagetcactagtategatttegaagacagggtggttggetgg

atggggaaacgctggtcegegggattcgatecctgetgettatatectecctggaagecacacccacgactectgaagaagaaaacg

tgcacacacacaacccaaccggccgaatatttgettecttatececgggteccaagagagactgegatgeccececctcaatcageat

ccteectecetgeegettcaatetteecctgettgectgegecegeggtgegecgtetgecegeccagtecagtcactectgecacagge

ceecttgtgegecagtgetectgtacectttacegetecttecattetgegaggececectattgaatgtattegttgectgtgtggeca

agegggetgetgggegegecgeecgtecgggcagtgeteggegactttggeggaagecgattgttettetgtaagecacgegettyg

ctgctttgggaagagaagggggggggtactgaatggatgaggaggagaaggaggggtattggtattatectgagttgggtgaa

gagc

To introduce the Cuphea wrightii ACP-thioesterase 2 (Cw-
FatB2) gene (Accession No: U56104) into S1920 at the
FATA1 locus, a construct was generated to express the protein
coding region of the CwFatB2 gene under the control of the
Prototheca moriformis Amt03 promoter/S'UTR (SEQ 1D
NO:84) and C. vulgaris nitrate reductase 3'UTR (SEQ ID
NO:85). The construct that has been expressed in S1920 can
be written as FATA1-CrbTub_ylnv_nr:amt03_CwTE2_nr-
FATAL.

Relevant restriction sites in the construct FATA1-CrbTu-
b_ylnv_nr::amt03_CwTE2_nr-FATA1 are indicated in low-
ercase, bold and underlining in the sequence below and are
5'-3'BspQ 1, Kpn I, Asc I, Mfe I, BamH I, EcoR I, Spe 1, Asc
1, Pac I, Sac I, BspQ [, respectively. BspQI sites delimit the 5'
and 3' ends of the transforming DNA. Bold, lowercase
sequences represent genomic DNA from S1920 that permit
targeted integration at FATA1 locus via homologous recom-
bination. Proceeding in the 5'to 3' direction, the C. reinhardtii
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p-tubulin promoter driving the expression of the yeast
sucrose invertase gene (conferring the ability of S1920 to
metabolize sucrose) is indicated by boxed text. The initiator
ATG and terminator TGA for invertase are indicated by
uppercase, bold italics while the coding region is indicated in
lowercase italics. The Chlorella vulgaris nitrate reductase 3'
UTR is indicated by lowercase underlined text followed by an
endogenous amt03 promoter of Prototheca moriformis, indi-
cated by boxed italics text. The Initiator ATG and terminator
TGA codons of the C. wrightii ACP-thioesterase are indi-
cated by uppercase, bold italics, while the remainder of the
ACP-thioesterase coding region is indicated by bold italics.
The C. vulgaris nitrate reductase 3' UTR is again indicated by
lowercase underlined text followed by the S1920 FATA1
genomic region indicated by bold, lowercase text. The codon-
optimized cDNA sequences and amino acid sequences of the
Cuphea wrightii FatB2 thioesterase are listed in the Sequence
Listing as SEQ ID NO:107 and SEQ ID NO:105, respec-
tively.

(SEQ ID NO: 112)

gctetteggagtcactgtgecactgagttegactggtagetgaatggagtegetgeteccactaaacgaattgtcagecacegeca

geecggecgaggaccegagtcatagegagggtagtagegegecatggcacegaccagectgettgecagtactggegtetette

cgettctetgtggtectetgegegeteccagegegtgegetttteeggtggatecatgeggteegtggegecacegecageggeegetyg

cccatgcagegececgetgettececgaacagtggeggtcagggecgeaccegeggtageecgtecgtecggaaccegeccaagagt

tttgggagcagettgagecctgecaagatggeggaggacaagegecatcttectggaggagecaceggtgegtggaggteegggg

ctgaccggececgtcecgecattcaacgtaatcaategecatgatgatcagaggacacgaagtettggtggeggtggecagaaacact

gtccattgecaagggcatagggatgegttecttcacctectcatttctcatttetgaatececcteecctgetcactetttetectectectte

ccgttecacgecagcatteggggtacdctttcttgegctatgacacttccagcaaaaggtagggegggetgegagacggettecegyd]

Ectgcatgcaacaccgatgatgcttcgaccceccgaagetectteggggetgecatgggegetecgatgecgetecagggegagegd
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-continued
Egtttaaatagccaggcccccgattgcaaagacattatagcgagctaccaaagccatattcaaacacctagatcactaccacttctacad]

[aggccactcgagettgtgatcgcactecgectaagggggecgectcttectcttegtttcagtcacaacccgcaaadggegegecATE

ctgctgcaggecttoctgttectgetggeeggct tegecgecaagat cagegectccatgacgaacgagacgt ccgaccgecccct
ggtgcacttcacccccaacaagggctggatgaacgaccccaacggectgtggtacgacgagaaggacgecaagtggeacctgt
acttcecagtacaaccegaacgacacegtetgggggacgeccttgttetggggecacgecacgtecgacgacctgaccaactggyg
aggaccagcccatcogecat cgececgaagegeaacgactceggegecttetecggetaecatggtggtggactacaacaacacct
ceggcettettcaacgacaccatcgacccgegecagegetgegtggecat ctggacctacaacacceceggagt cegaggageagt
acatctectacagectggacggeggetacaccttcaccgagtaccagaagaacccegtgetggecgecaactecacccagttee
gegaccegaaggtettotggtacgageect cccagaagtggatcatgaccgeggecaagt cccaggactacaagategagatct
actcectecgacgacctgaagt cctggaagetggagt cegegtt cgecaacgagggettocteggctaccagtacgagtgeccegyg
cetgatcgaggt ccccaccgageaggaccecageaagtcctactgggtgatgttecatetecatcaaccceggegeaceggecgg
cggctccttcaaccagtacttegteggcagettecaacggeacccact tegaggect tegacaaccagtcecgegtggtggactteg
gecaaggactactacgecctgcagaccttettcaacaccgacccgacctacgggagegecctgggcategegtgggectecaact
gggagtactccgecttegtgeccaccaaccectggegetectecatgtecctegtgegecaagttctecoctecaacaccgagtaccag
gecaacceggagacggagetygat caacctgaaggecgagecgatectgaacatcagcaacgecggecectggageeggt teg
ccaccaacaccacgttgacgaaggccaacagetacaacgtcgacctgtecaacageacceggeaccctggagtt cgagetggtyg
tacgcegtcaacaccacccagacgatctecaagtcegtgttegeggaccteteactctggtt caagggectggaggaccecgagy
agtacctecgcatgggcettegaggtgt ccgegtectecttettoctggaccgegggaacagecaaggtgaagttecgtgaaggagaa
ccectacttecaccaaccgecatgagegtgaacaaccageccttcaagagegagaacgacctgtectactacaaggtgtacggettyg
ctggaccagaacatcctggagctgtacttcaacgacggegacgtegtgt ccaccaacacctact tecatgaccaccgggaacgec
ctgggctecgtgaacatgacgacgggggtggacaacctgttetacategacaagtt ccaggtgegegaggt caag TGA caatt

dgcagcagcagcteggatagtategacacactetggacgetggtegtgtgatggactgttgeegecacacttgetgecttgacetgtga

atatccctgecgettttatcaaacagectecagtgtgtttgatettgtgtgtacgegettttgegagttgcetagetgettgtgetatttgegaata

ccaccececageatececttecetegttteatategettgeateccaacegecaacttatetacgetgtectgetateectecagegetgetect

detectgetecactgecectegecacagecttggtttgggeteegectgtattetectggtactgeaacctgtaaaccagecactygcaatgetyg

atgcacgggaadgtagtgggatgggaacacaaatggaggateccgegtctcgaacagagegegcagaggaacgctgaaggteteg

cctetgtegeaccteagegeggecatacaccacaataaccacctgacgaatgegettggttettegtecattagegaagegtecggttea

cacacgtgccacgttggegaggtggeaggtgacaatgateggtggagetgatggtecgaaacgttcacagectagggatategaatte

[ggccgacaggacgcgcgtcaaaggtgetggt cgtgtatgecctggecggcaggtcgt tgctgetgetggttagtgattecgeaace |

[cEgattttggcgtcttattttggcgtggcaaacgctggcgeccgegagecgggecggeggegatgeggtgecccacggetgecgg |

[gatccaagggaggcaagagcgcccgggtcagt tgaagggct ttacgcgcaaggtacagecgct cctgcaaggctgegtggtgg |

[aattggacgtgcaggtcctgctgaagt tect ccaccgectcaccageggacaaagcaccggtgtatcaggtccgtgteatecacte |

[faaagagctcgactacgacctactgatggccctagat tettcatcaaaaacgcectgagacact tgcccaggat tgaaactcecctga |

[agggaccaccaggggccctgagt tgttccttccccccgtggcgagetgecagecaggctgtacctgtgatcgaggctggeggga |
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-continued
[raataggcttcgtgtgctcaggtcatgggaggtgcaggacagctcatgaaacgccaacaatcgcacaattcatgtcaagctaate |

[egctatttcctcttcacgagctgtaattgtcccaaaattctggtctaccgggggtgatect tegtgtacgggeccttecctcaaccctag |

[gtatgcgcgcatgcggt cgeccgcgeaact cgegcgagggocgagggt ttgggacgggecgt cccgaaatgeagttgecacccgg

[etgcgtggcaccttttttgcgataatttatgcaatggactgctctgcaaaattctggctctgt cgecaaccctaggatcageggegtag |

[gatttcgtaatcattcgtectgatggggagectaccgactacccctaatatcageccgactgoctgacgecagegtecactittgtgeac |

[acattccattcgtgcccaagacatt tcat tgtggtgecgaagcgtocccagt tacgetcacctgtitoccgacctect tactgttetgteg |

[acagagcgggeccacaggceggtcgeagecyectagtatggtggtggeegeegeegecageagegecttetteccegtgecege

cccecegeccecacccccaageceggcaagtteggecaactggeccagecagectgagecageccttcaageccaagagecaaccee
aacggccgcttccaggtgaaggeccaacgtgagecoccccacgggedgegeecccaaggecaacggeagegecgtgagectgaag
teceggcagectgaacaccectggaggacccococcecagecagececccceccececgeaccttecctgaaccagetgececgactggageeg
cctgecgecacecgccatcaccacegtgttegtggecgecgagaageagttcaccegectggacecgecaagagecaagegeccegaca
tgctggtggactggttcggecagegagaccatcgtgecaggacggecctggtgttececgegagegettcagecatecegecagetacgagat
cggcgccgaccgecaccgecageatcgagacecctgatgaaccacctgecaggacaccagectgaaccactgecaagagegtggg
cctgctgaacgacggcttecggecgecaccecececgagatgtgecaccegegacctgatetgggtgetgaccaagatgecagategtggtg
aaccgctaccccacctggggcgacacegtggagatcaacagetggttcageccagageggecaagateggecatgggeecgegagt
ggctgatcagecgactgcaacaceggecgagatcctggtgegegecaccagegectgggeccatgatgaaccagaagaccegeeg
cttecagcaagctgeccectgecgaggtgegecaggagatecgeeccececacttegtggacgeccecececcecgtgatecgaggacaacgace
gecaagctgcacaagttcgacgtgaagaccggecgacagecatectgecaagggectgaccececeggetggaacgacttcgacgtgaac
cagcacgtgagcaacgtgaagtacatcggctggattctggagagcatgecccaccgaggtgetggagacccaggagetgtgeag
cctgaccctggagtacegcecgegagtgeggeecgegagagegtggtggagagegtgaccagecatgaacceccagecaaggtggge
gaccgcagccagtaccagecacctgectgegectggaggacggegeegacatecatgaagggeccgecacecgagtggegececcaag

aacgccggcaccaaccgcecgccatcagecaccTGA ttaattaactcgaggcagcagcagceteggatagtatcegacacactetgga

cgetggtegtgtgatggactgttgeegecacacttgetgecttgacetgtgaatatecctgeegettttatcaaacagectecagtgtgttty

atcttgtgtgtacgegettttgegagttgetagetgettgtgetatttgegaataccaceccccageatecectteectegttteatategetty

catcccaaccgcaacttatctacgetgtectgcetatecctecagegetgetectgetectgetecactgecectegeacagecttggtttggy

cteegectgtattetectggtactgcaacctgtaaaccageactgeaatgetgatgecacgggaagtagtgggatgggaacacaaatgg

aaagcttgagetettgttttecagaaggagttgetecttgagectttecattetecagectegataacctecaaagecgetetaattgtggagg

gggttcgaagacagggtggttggectggatggggaaacgetggtegegggattegatectgetgettatatecteecctggaagea

cacccacgactctgaagaagaaaacgtgcacacacacaacccaaccggeccgaatatttgettecttatececegggtecaagag

agactgecgatgcecceccctcaatcagcatecctectecectgecgettcaatettecetgettgectgegecegeggtgegeegtetge

cegececcagtcagtcactecctgecacaggececttgtgegecagtgetectgtacecctttacegetecttecattetgegaggeccect

attgaatgtattegttgectgtgtggeccaagegggetgetgggegegeegecgtegggecagtgeteggegactttggeggaage

cgattgttettctgtaageccacgegettgetgetttgggaagagaagggggggggtactgaatggatgaggaggagaaggag

gggtattggtattatctgagttgggtgaagage
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Upon transformation of FATA1-CrbTub_ylnv_nr-FATA1
into S1920, primary transformants were clonally purified and
grown under standard lipid production conditions at pH 5.0
similar to the conditions as disclosed in Example 1. Fatty acid

104
glucose and fructose was used as the carbon source, glucose
was provided at 20 g/L. and fructose was provided at 20 g/L..
Fatty acid profiles were assessed by GC-FID. The resulting
fatty acid profiles are listed in Table 30.

TABLE 30

Fatty acid profiles of Prototheca moriformis cells containing a selectable
marker and an exogenous thioesterase to disrupt an endogenous FATA1 allele.

Copy Carbon % % % % % % %
Transformant Number source C10:0 C12:0 C14:0 Cl6:0 C180 C18:1 C18:2
Wildtype 0 Glucose 0.01 0.04 1.38 28.83 3.00 56.05 8.21
Wildtype 0 Glucose 0.01 0.04 1.50 29.38 3.00 55.29 8.23
Wildtype 0 Glucose/ 0.01 0.05 1.48 28.58 3.20 57.14 7.27
Fructose
Wildtype 0 Glucose/ 0.01 0.04 1.54 29.05 3.23 56.47 7.32
Fructose
pSZ1925 >2  Glucose/ 4.29 19.98 9.17 20.68 347 34.38 6.37
Transformant 1 Fructose
pSZ1925 >2  Glucose/ 3.11 16.17 9.91 15.97 1.57 45.72 5.81
Transformant 2 Fructose
pSZ1925 >2  Sucrose 4.84 24.22 11.56 19.48 2.67 29.56 6.02
Transformant 3
pSZ1925 >2  Sucrose 3.24 16.67 10.39 16.34 1.43 44.41 6.00
Transformant 4
pSZ1925 1-2  Glucose/ 0.18 1.64 1.85 14.43 2.12 70.30 7.63
Transformant 5 Fructose
pSZ1925 1-2  Glucose/ 0.18 1.56 1.74 13.56 2.25 71.04 7.72
Transformant 6 Fructose
pSZ1925 1-2  Sucrose 0.19 1.69 1.89 13.79 3.15 69.97 7.68
Transformant 7
pSZ1925 1-2  Sucrose 0.15 1.26 1.49 13.44 2.73 71.46 7.77

Transformant 8

profiles were analyzed using standard fatty acid methyl ester
gas chromatography flame ionization (FAME GC/FID)
detection methods. Table 29 below provides the fatty acid
profiles of several transformants.

TABLE 29

Fatty acid profiles of Prototheca moriformis cells containing
a selectable marker to disrupt an endogenous FATA1 allele.

% % % %

Transformation C14:0 C16:0 C18:0 C18:1 C18:2
Wildtype 1.23 25.68 2.83 60.54 7.52
pSZ1883 0.86 16.95 1.75 68.44 9.78
Transformant 1

pSZ1883 0.85 17.33 1.71 68.57 9.31
Transformant 2

pSZ1883 0.82 17.40 1.78 68.55 9.22
Transformant 3

pSZ1883 0.84 17.43 1.78 68.25 9.53
Transformant 4

pSZ1883 0.75 17.64 2.02 69.02 8.61

Transformant 5

These results show that ablation of the host’s endogenous
FATA1 allele alters the lipid profile of the engineered
microalgae. The impact of targeting a selectable marker to the
endogenous FATAL1 allele is a clear diminution of C16:0 fatty
acid production with an increase in C18:1 fatty acid produc-
tion.

Upon transformation of FATA1-CrbTub_ylnv_nr::
amt03_CwTE2_nr-FATA1 into S1920, primary transfor-
mants were clonally purified and grown under standard lipid
production conditions at pH 7.0 with different carbon sources
provided to a total concentration of 40 g/L.. The sucrose
concentration was 40 g/I.. Where only glucose was used as
the carbon source, glucose was provided at 40 g/I.. Where
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Concordant with targeting a selectable marker alone to the
host’s FATAL allele, integration of a selectable marker con-
comitant with an exogenous thioesterase alters the lipid pro-
file of the engineered microalgae. As above, targeting an
exogenous gene to the FATA1 allele results in a clear dimi-
nution of C16:0 fatty acid production. The additional expres-
sion of the CwTE2 thioesterase at the FATA1 locus also
impacts mid chain fatty acids and C18:1 fatty acid production
to an extent that is dependent upon the level of exogenous
thioesterase activity present in the transformants analyzed.
Genes bordered by repeat units such as the C. vulgaris nitrate
reductase 3' UTR in constructs such as FATA1-CrbTub_yln-
v_nr:amt03_CwTE2_nr-FATA1, can be amplified upon inte-
gration in the host genome. There is good concordance
between copy number of the amplified transgene at the target
integration site and thioesterase levels as revealed either by
impacts on fatty acid profiles or recombinant protein accu-
mulation as assessed by western blotting.

Transgenic lines in which the CwTE2 gene has undergone
amplification show a marked increase in mid chain (C10:0-
C14:0) fatty acids and a concurrent decrease in C18:1 fatty
acids. In contrast, those transformants in which CwTE2 has
undergone little or no amplification (likely 1-2 copies) are
consistent with lower expression of the exogenous
thioesterase, resulting in a slight increase in mid chain fatty
acids and a far greater impact on the increase of C18:1 fatty
acids.

Collectively, these data show that ablation of the host’s
endogenous FATAL1 allele alters the lipid profile of the engi-
neered microalgae.

B. Altering Lipid Profiles by Knockdown of an Endogenous
Prototheca moriformis Thioesterase Gene

A construct, pSZ1773, to down-regulate the Prototheca
moriformis FATA1 gene expression by a hairpin RNA was
introduced into a Prototheca moriformis UTEX 1435 §1920
genetic background. The Saccharomyces cerevisiae suc2
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sucrose invertase gene was utilized as a selectable marker,
conferring the ability to grow on sucrose as a sole-carbon
source. The portion of the construct that encodes the hairpin
RNA utilized the first exon of FatA 1 coding region, followed

106

sion of the yeast sucrose invertase gene (conferring the ability
of S1920 to metabolize sucrose) is indicated by boxed text.
The initiator ATG and terminator TGA for invertase are indi-
cated by uppercase, bold italics while the coding region is
indicated in lowercase italics. The Chlorella vulgaris nitrate

by the endogepous 1.ntr0n', anda 'repeat unit of the first exonin ’ reductase 3' UTR is indicated by lowercase underlined text
the reverse orientation. 5' and 3' homologous recombination followed by th d C reinhardtii B- .

. . ollowed by the second C. reinhardtii f-tubulin promoter
targetu.lg sequences (flanking the construct) to the 6S driving the expression of the Hairpin FatA 1, indicated by
genomic regloi, listed as SEQ ID NO:100 aI.ld .101 respec- boxed italics text. The initiator ATG codon of the FatA 1 is
tively, were included for integration of the hairpin construct .o indicated by uppercase, bold italics, while the remainder of
into the nuclear genome. This construct is designated 6S::f- " the first exon of FatA 1 coding region is indicated by upper-
Tub:suc2:nr::B-tub:hairpinFatA:nr::68. case. The intron of the FatA gene is indicated as underlined

Relevant restriction sites in 6S::[3-Tub:su02:nr::B-tub:hair- uppercase, and a linker region shown in underlined upper-
pin FatA:nr::6S are indicated in lowercase, bold and under- case, bold italics was created at the FatA1 intron/reversed first
lining in the sequence below and are 5'-3' BspQ 1, Kpn I, Mfe . exon junction to aid in RNA splicing in these vectors. The

I, BamH I, EcoR L, Spe I, Xho I, Sac I, BspQ I, respectively.
BspQI sites delimit the 5' and 3' ends of the transforming
DNA. Bold, lowercase sequences represent genomic DNA
from S1920 that permit targeted integration at 6s locus via
homologous recombination. Proceeding in the 5' to 3' direc-
tion, the C. reinhardtii f-tubulin promoter driving the expres-

inverted first exon of FatAl is indicated by uppercase. The C.
vulgaris nitrate reductase 3' UTR is again indicated by low-
ercase underlined text followed by the S1920 6S genomic
region indicated by bold, lowercase text. The sequences of the
FATA portions of this RNAi construct is listed as SEQ ID
NO:110.

(SEQ ID NO: 113)

gctettegeegeegecactectgetegagegegecegegegtgegeegecagegecttggecttttegeegegetegtgegegte

gctgatgtccatcaccaggtecatgaggtetgecttgegeeggetgagecactgettegtecegggeggecaagaggagecatga

gggaggactecctggtecagggtectgacgtggtegeggetetgggagegggeccagecatcatetggetetgeegecacegagge

cgectccaactggtectccagcagecgcagtegecgeecgacectggecagaggaagacaggtgaggggggtatgaattgtaca

gaacaaccacgagccttgtectaggecagaatecctaccagtcatggetttacctggatgacggectgegaacagetgtecageg

accctegetgecgeegettectecegecacgettettteccagecacegtgatggegegagecagegeegecacgetggegetgegett

cgeecgatctgaggacagtecggggaactctgatcagtctaaacceccttgegegttagtgttgecatectttgecagaceggtgag

agcecgacttgttgtgegecacecececccacaccacctectecccagaccaattetgtcacetttttggegaaggecateggecteggee

tgcagagaggacagcagtgcccageegetgggggttggeggatgecacgetecaggtacectttettgegetatgacacttecages)

[faaggtagggcgggctgcgagacggct teccggagetgcatgecaacaccgatgatgettcgaccccccgaagctect teggggetyg

[catgggcgctccgatgecgctecagggegagcgetgtttaaatagccaggcccecgattgcaaagacat tatagegagetaccaaag

[ccatattcaaacacctagatcactaccacttctacacaggccactcgagcttgtgategcactecgetaagggggegectettectetd)

[gtttcagtcacaacccgcaaacfctagaatatcadT@

ctgetgcaggecttoctgttectgetggecgget tegecgecaagat cag
cgcctccatgacgaacgagacgtccgaccgeecaectggtgeacttcacceccaacaagggctggatgaacgaccccaacggec

tgtggtacgacgagaaggacgccaagtggcacctgtacttccagtacaaccegaacgacaccegt ctgggggacgeccttgttetyg

gggccacgccacgt ccgacgacctgaccaactgggaggaccageccategecategeccegaagegcaacgactecggege

cttetceggctcecatggtggtggactacaacaacaccteeggcttettcaacgacaccat cgaccegegecagegetgegtggeca

tctggacctacaacaccecggagtecgaggagecagtacat ctcctacagectggacggeggctacaccttecaccgagtaccaga

agaacccegtgetggecgccaactccacceagtt cegegaccegaaggt cttetggtacgageect ceccagaagtggatcatgac

cgcggccaagtcccaggactacaagatcgagatetactoctecgacgacctgaagtectggaagetggagt ccgegt tegecaa

cgagggcttecteggetaccagtacgagtgeoceggectgatcgaggtecccaccgageaggaccccageaagtectactgggt

gatgttcatctcecatcaaccceggegeaceggecggeggctacttcaaccagtacttegtecggeagettecaacggecacccactteg

aggecttegacaaccagtceecgegtggtggactt cggcaaggactactacgecctgcagaccttcttcaacaccgaccegaccta

cgggagegecctgggeatcgegtgggect ccaactgggagtacteegecttegtgeccaccaaccectggegetectecatgtece

tcgtgegeaagttetecctcaacaccgagtaccaggecaaceeggagacggagetgat caacctgaaggecgagecgatectyg

aacatcagcaacgccggecectggageoggtt cgecaccaacaccacgttgacgaaggccaacagetacaacgtegacctgte
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caacagcaccggcaccctggagt tcgagetggtgtacgecgtcaacaccacccagacgatctccaagtcecgtgttegeggacctc
tccctotggttcaagggectggaggaccocgaggagtacctecgecatgggettcgaggtgtecgegtaoctocttattectggaccge
gggaacagcaaggtgaagt tcgtgaaggagaacccctacttcaccaaccgecatgagegtgaacaaccageect tcaagageg
agaacgacctgtcctactacaaggtgtacggcttgetggaccagaacatcctggagetgtacttcaacgacggegacgtogtgtec
accaacacctacttcatgaccaccgggaacgeccctgggctcegtgaacatgacgacgggggtggacaacctgttcotacategac

aagttccaggtgcgegaggtcaag TGA caattggcagcagcageteggatagtategacacactetggacgetggtegtgtgat

dgactgttgecgecacacttgetgecttgaccetgtgaatatecctgeegettttatcaaacagectecagtgtgtttgatettgtgtgtacgeg

cttttgcgagttgetagetgettgtgetatttgegaataccacccecageatecectteecctegtttcatategettgecateccaacegeaac

ttatctacgetgtectgectateectecagegetgetectgetectgetecactgecectegeacagecttggtttgggeteegeetgtattetee

tggtactgcaacctgtaaaccagcactgecaatgetgatgcacgggaagtagtgggatgggaacacaaatggaggateecgegteteg

aacagagcgcgcagaggaacgctgaaggtetegectetgtegecacctcagegeggeatacaccacaataaccacctgacgaatgeg

cttggttettegtecattagegaagegtecggttecacacacgtgecacgttggegaggtggeaggtgacaatgateggtggagetgatyg

gtcgaaacgttcacagectagggatatcegaattoctttcttgcgetatgacact tccagcaaaaggtagggegggetgegagacgg |

[cETcccggcgctgcatgcaacaccgatgatgct tegaccccccgaagct ccttcggggetgcatgggagetccgatgecgetecag

[ggcgagcgctgtttaaatagccaggcccccgat tgcaaagacat tatagcgagctaccaaagccatattcaaacacctagatca |

[cEaccacttctacacaggccactcgagct tgtgatcgcactccgetaagggggcgccictLectcttcgtt teagtcacaaccegeaa |

[adactagtATE
GCACCGACCAGCCTGCTTGCCAGTACTGGCGTCTCTTCCGCTTCTCT
GTGGTCCTCTGCGCGCTCCAGCGCGTGCGCTTTTCCGGTGGATCATGCGGTCCGT
GGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGCTTCCGAACAGTGGCG
GTCAGGGCCGCACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGG
GAGCAGCTTGAGCCCTGCAAGATGGCGGAGGACAAGCGCATCTTCCTGGAGGAG

CACCGGTGCGTGGAGGTCCGGGGCTGACCGGCCETCGCATTCAACGTAATCAAT

CGCATGATGATCAGAGGACACGAAGTCTTGGTGGCGGTGGCCAGAAACACTGTC

CATTGCAAGGGCATAGGGATGCGTTCCTTCACCTCTCATTTCTCATTTCTGAATCC

CTCCCTGCTCACTCTTTCTCCTCCTCCTTCCCGTTCACGCAG CATTCGGGGCAACG
AGGTGGGCCC GTGCTCCTCCAGGAAGATGCGCTTGTCCTCCGCCATCTTGCAGGG
CTCAAGCTGCTCCCAAAACTCTTGGGCGGGTTCCGGACGGACGGCTACCGCGGGT
GCGGCCCTGACCGCCACTGTTCGGAAGCAGCGGCGCTGCATGGGCAGCGGCCGT
TGCGGTGCGCCACGGACCGCATGATCCACCGGAAAAGCGCACGCGCTGGAGCGT
GCAGAGGACCACAGAGAAGCGGAAGAGACGCCAGTACTGGCAAGCAGGCTGGT

CGGTGCCATatcgatagatctcttaaggcagcagcagcteggatagtatcegacacactcectggacgetggtegtgtgatggact

gttgccgecacacttgetgecttgacectgtgaatatecctgecgettttatcaaacagectecagtgtgtttgatettgtgtgtacgegetttty

cgagttgctagetgettgtgetatttgegaataccacceccageatececttecctegtttecatategettgeateccaacegecaacttatet

acgctgtectgetateectecagegetgetectgetectgetecactgecectegecacagecttggtttgggetecgectgtattetectggta

ctgcaacctgtaaaccagcactgcaatgetgatgcacgggaagtagtgggatgggaacacaaatggaaagettaattaagagetett

gtttteccagaaggagttgetecttgagectttcattectcagectecgataacctccaaagecgetctaattgtggagggggttegaa

tttaaaagcttggaatgttggttegtgegtetggaacaageccagacttgttgetcactgggaaaaggaccatcagetccaaaa

aacttgeccgectcaaaccgegtacctcectgetttegegecaatcectgecctgttgaaategecaccacattcatattgtgacgettgage

agtctgtaattgectcagaatgtggaatcatctgecccectgtgegageccatgecaggecatgtegegggegaggacacecegee
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-continue

d

110

actcgtacagcagaccattatgctacctcacaatagttcataacagtgaccatatttectegaagetecccaacgagecacctecat

gctetgagtggecaccecececeggecetggtgettgeggagggcaggtcaaceggcatggggetaccgaaatececcegaceggat

cccaccaccceccgegatgggaagaatctectececcegggatgtgggeccaccaccagecacaacctgetggeeccaggegagegte

aaaccataccacacaaatatccttggcatcggececctgaatteccttetgecgetetgetaceceggtgettetgtecgaagecagggg

ttgctagggatcgeteccgagtececgecaaacccttgtegegtggeggggettgttegagettgaagage

15

Expression of 6S::f-Tub:suc2:nr::p-tub:hairpin FatA:nr::
6S leads to the formation of a hairpin RNA to silence the
target FatA genes. Upon its transformation into S1920, pri-
mary transformants were clonally purified and grown under
standard lipid production conditions at pH 5.0. The resulting
profiles from representative transformant clones are listed in
Table 31.

TABLE 31

Fatty acid profiles of Prototheca moviformis cells containing

a hairpin RNA construct to down-regulate the expression of FATA.

% % % % % % %

Transformant C10:0 C12:0 Cl14:0 Cl16:0 Clé6:1 C18:0 C18:1 C18:2
Wildtype 0.01 0.03 1.23 25.68 0.96 2.83 60.54 7.52
pSZ1773 0.01 0.03 0.71 15.10 1.05 1.67 72.08 8.27
Transformant 1
pSZ1773 0.01 0.03 0.81 15.66 1.16 1.56 70.03 9.61
Transformant 2
pSZ1773 0.01 0.03 1.09 22.67 1.05 2.12 63.18 8.66
Transformant 3
pSZ1773 0.01 0.04 1.14 23.31 1.01 2.23 62.83 8.26
Transformant 4
35 The above results show that the FATA hairpin construct

40

45

50

55

60

65

yielded expected phenotypes: a reduction in C16 fatty acid
levels and an increase in C18:1 fatty acid levels as compared
to the wildtype, untransformed control.

Although this invention has been described in connection
with specific embodiments thereof, it will be understood that
it is capable of further modifications. This application is
intended to cover any variations, uses, or adaptations of the
invention following, in general, the principles of the invention
and including such departures from the present disclosure as
come within known or customary practice within the art to
which the invention pertains and as may be applied to the
essential features hereinbefore set forth.

All references cited herein, including patents, patent appli-
cations, and publications, including Genbank Accession
numbers, are hereby incorporated by reference in their entire-
ties, whether previously specifically incorporated or not. The
publications mentioned herein are cited for the purpose of
describing and disclosing reagents, methodologies and con-
cepts that may be used in connection with the present inven-
tion. Nothing herein is to be construed as an admission that
these references are prior art in relation to the inventions
described herein. In particular, the following patent applica-
tions are hereby incorporated by reference in their entireties
for all purposes: PCT Application No. PCT/US2009/066142,
filed Nov. 30, 2009, entitled ‘“Production of Tailored Oils in
Heterotrophic Microorganisms”; PCT Application No. PCT/
US2009/066141, filed Nov. 30, 2009, entitled “Production of
Tailored Oils in Heterotrophic Microorganisms™; and PCT
Application No. PCT/US2010/31108 filed Apr. 14, 2010,
entitled “Methods of Microbial Oil Extraction and Separa-
tion.”
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 113

<210> SEQ ID NO 1
<211> LENGTH: 1187

<212> TYPE:

DNA

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: HUP promoter from Chlorella

<400> SEQUENCE: 1

gatcagacgg
gettggtgtt
accttgtece
ggctacatac
agatgggcag
gggggggeca
cagaatttct
ccgaacacct
atggccatac
attgaagccg
ccactageceg
tgccgeacac
gggtagggte
ccaaccagec
tcgcaagett
cctaaggtygyg
cagcegttgt
cccacctact
acgctcacte

tgcaaaccag

gectgaccety

gggtctgcag

cgacccagtt

ttgcecgeace

tgctgeccat

gcaatgecty

tcctecttygy

ccatagetgt

aaggtcatgt

tgacttcatg

acatgcgetyg

ctcegggagt

gccatacgee

taaccaagac

tgggtgecta

gtgtgccgcea

gtttcagtta

gtggegggee

aaacgccttt

cacatagcac

<210> SEQ ID NO 2
<211> LENGTH: 1414

<212> TYPE:

DNA

cgagataatc

gatagtgttyg

ttatggagtg

ggtatgaggg

aaacaactgg

actttegggt

aggtaagcge

aagggcgcaa

cgagattagt

ccaacctgec

tcettttgeca

gagtceggeg

cacgaccaaa

ggcacctata

tcttgagaag

gectgaaaca

tattgtatge

attggttggt

gtacaactge

tceccttacat

aagtgctegt

cagggccceca

cattgectca

gatatagtac

ctgcteagec

agggtgaaaa

aggccggecc

acatggcegyg

gctgagtaag

cctgggegta

ccaaaacaac

actcctecce

cgacgcagga

ataataggtg

cacgagttgg

aagcgtctag

tattgtttgt

gettgaatty

agaactttce

cacccagcag

<213> ORGANISM: Chlorella ellipsoidea

<400> SEQUENCE: 2

cgctgegeac

tgttctteat

cagaccgttyg

caagcccatt

gtcgattget

tggagcaaga

dggccgagga

agtttgccaa

gtggtggggy

agcggaccca

cagggcegec

cttctecace

agctectgat

cacggggtac

gctcatggaa

gagcatgaat

ttggaggagg

gctcacagga

ggggggggtt

catgcttgaa

agctcgetga

ttggtggect

cagcatccte

cagtggtgcet

ttggcatgtyg

gecttecagge

aaagcatcaa

gcagagacaa

aatacggtac

ttcgaggect

tgtcgeteca

tcttggecag

aggaggcect

gaggtagatg

catgcatgtt

aggttgaaag

gtegtegete

gactggctge

gaaatgcact

gtggggtgag

aggcaaccaa

aggacagcag

agagcctage

tcgcactgeyg

atttgttgge

ctgaacaaag

gectgegece

actgttgtca

acactatcac

gcagacgtat

tggtacaccy

dgegggecge

ggggattggg

gggggactaa

agtggctgtg

cagctgette

tcgtgetagy

cctcaccate

ttggcgetge

tacaaca

aatgcggtce

ggccttcage

ttgacaagca

ggtttgaaaa

cacaatatgce

ttCCtggggg

atgctcatgt

tcaggtgttyg

tggaattcce

aaatgctcac

ctcagcaget

gggaacttac

cggagegeta

ctgtctagty

ggaccattct

actaccaaaa

acatggecget

gcactettte

cccatgtteg

gccatcatga

ctcgaagteg

ggcectaccet

gtagggaatc

cagccctata

tacggtcgac

tataatgtgt

gtggcgcagyg

taaggtctga

aactacagtyg

ccegattttt

tgcatgcgca

agccectgty

ggattgcteg

caccaggett

tgaagaggca

tttcagtcag

catcgtgtgt

acctcatgee

tctgcectey

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1187

60

120

180

240

300

360

420

480

540

600
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-continued
ttgctgaggt acttcaggcce gectgagetca aagtcgatge cctgetegte tatcagggece 660
tgcacctetyg ggctgaccgg ctcagectee ttegegggea tggagtagge gcecggcageg 720
ttcatgtceg ggcccaggge ageggtggtyg ccataaatgt cggtgatggt ggggaggggyg 780
geegtegeca caccattgee gttgetgget gacgcatgea catgtggect ggetggcacce 840
ggcagcactyg gtctecagee agccagcaag tggcetgttca ggaaagegge catgttgttg 900
gteectgege atgtaattcee ccagatcaaa ggagggaaca gettggattt gatgtagtge 960
ccaaccggac tgaatgtgcg atggcaggtc cctttgagtc tcccgaatta ctagcagggce 1020
actgtgacct aacgcagcat gccaaccgca aaaaaatgat tgacagaaaa tgaagcggtyg 1080
tgtcaatatt tgctgtattt attcgtttta atcagcaacc aagttcgaaa cgcaactatc 1140
gtggtgatca agtgaacctc atcagactta cctcegttcgg caaggaaacg gaggcaccaa 1200
attccaattt gatattatcg cttgccaagc tagagctgat ctttgggaaa ccaactgcca 1260
gacagtggac tgtgatggag tgccccgagt ggtggagcct cttcecgattcg gttagtcatt 1320
actaacgtga accctcagtg aagggaccat cagaccagaa agaccagatc tcctectcga 1380
caccgagaga gtgttgcggce agtaggacga caag 1414

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 3
H: 512
PRT

<213> ORGANISM: Unknown

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 3

Met Thr Asn
1

Lys Gly Trp
Ala Lys Trp
35

Gly Thr Pro
50

Trp Glu Asp
65

Ala Phe Ser

Phe Asn Asp

Tyr Asn Thr
115

Gly Gly Tyr
130

Asn Ser Thr
145

Gln Lys Trp

Ile Tyr Ser

Ala Asn Glu

195

Glu Val Pro

Glu Thr Ser Asp Arg

5

Met Asn Asp Pro Asn

20

His Leu Tyr Phe Gln

40

Leu Phe Trp Gly His

Gln Pro Ile Ala Ile

70

Gly Ser Met Val Val

85

Thr Ile Asp Pro Arg

100

Pro Glu Ser Glu Glu

120

Thr Phe Thr Glu Tyr

135

Gln Phe Arg Asp Pro
150

Ile Met Thr Ala Ala

165

Ser Asp Asp Leu Lys

180

Gly Phe Leu Gly Tyr

200

Thr Glu Gln Asp Pro

Pro

Gly

25

Tyr

Ala

Ala

Asp

Gln

105

Gln

Gln

Lys

Lys

Ser
185

Gln

Ser

Leu

10

Leu

Asn

Thr

Pro

Tyr

90

Arg

Tyr

Lys

Val

Ser

170

Trp

Tyr

Lys

Val

Trp

Pro

Ser

Lys

75

Asn

Cys

Ile

Asn

Phe

155

Gln

Lys

Glu

Ser

Yeast sucrose invertase

His Phe Thr

Tyr Asp Glu
30

Asn Asp Thr
45

Asp Asp Leu

Arg Asn Asp

Asn Thr Ser

Val Ala Ile
110

Ser Tyr Ser
125

Pro Val Leu
140

Trp Tyr Glu

Asp Tyr Lys

Leu Glu Ser
190

Cys Pro Gly
205

Tyr Trp Val

Pro Asn
15

Lys Asp

Val Trp

Thr Asn

Ser Gly

80

Gly Phe
95

Trp Thr

Leu Asp

Ala Ala

Pro Ser
160

Ile Glu
175
Ala Phe

Leu Ile

Met Phe
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210

Ile Ser

225

Ile Asn Pro Gly
230

Phe Val Gly Ser Phe Asn

245

Ser Arg Val Val Asp Phe

260

Phe Asn Thr Asp Pro Thr

275

Ser Asn Trp Glu Tyr Ser
290

Ser Met

305

Ser Leu Val Arg
310

Asn Pro Glu Thr Glu Leu

325

Ile Ser Asn Ala Gly Pro

340

Thr Lys Ala Asn Ser Tyr

355

Leu Glu Phe Glu Leu Val
370

Lys
385

Ser Val

Phe Ala Asp
390

Pro Glu Glu Tyr Leu Arg

405

Phe Leu Asp Arg Gly Asn

420

Tyr Phe Thr Asn Arg Met

435

Asn Asp Leu Ser Tyr Tyr
450

Leu Glu Leu Tyr Phe Asn

465

Phe Met

470

Thr Thr Gly Asn
485

Val Asp Asn Leu Phe Tyr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

500

SEQ ID NO 4
LENGTH: 20

TYPE: PRT
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION:

SEQUENCE: 4

Met Leu Leu Gln Ala Phe

1

5

Ile Ser Ala Ser

<210>
<211>
<212>
<213>
<220>
<223>

20

SEQ ID NO 5
LENGTH: 18

TYPE: PRT
ORGANISM: Unknown
FEATURE:

215

Ala

Gly

Gly

Tyr

Ala

295

Lys

Ile

Trp

Asn

Tyr

375

Leu

Met

Ser

Ser

Lys

455

Asp

Ala

Ile

Pro

Thr

Lys

Gly

280

Phe

Phe

Asn

Ser

Val

360

Ala

Ser

Gly

Lys

Val

440

Val

Gly

Leu

Asp

Ala

His

Asp

265

Ser

Val

Ser

Leu

Arg

345

Asp

Val

Leu

Phe

Val

425

Asn

Tyr

Asp

Gly

Lys
505

Gly

Phe

250

Tyr

Ala

Pro

Leu

Lys

330

Phe

Leu

Asn

Trp

Glu

410

Lys

Asn

Gly

Val

Ser

490

Phe

Gly

235

Glu

Tyr

Leu

Thr

Asn

315

Ala

Ala

Ser

Thr

Phe

395

Val

Phe

Gln

Leu

Val

475

Val

Gln

220

Ser Phe Asn Gln

Ala Phe Asp Asn
255

Ala Leu Gln Thr
270

Gly Ile Ala Trp
285

Asn Pro Trp Arg
300

Thr Glu Tyr Gln

Glu Pro Ile Leu

335

Thr Asn Thr Thr
350

Asn Ser Thr Gly
365

Thr Gln Thr
380

Ile

Lys Gly Leu Glu

Ser Ala Ser Ser

415

Val Lys Glu Asn
430
Pro Phe Lys Ser

445

Leu Asp Gln Asn
460

Ser Thr Asn Thr

Thr Thr
495

Asn Met

Val Arg Glu Val
510

Yeast secretion signal

Tyr

240

Gln

Phe

Ala

Ser

Ala

320

Asn

Leu

Thr

Ser

Asp

400

Phe

Pro

Glu

Ile

Tyr

480

Gly

Lys

Leu Phe Leu Leu Ala Gly Phe Ala Ala Lys

10

15

OTHER INFORMATION: higher plants secretion signal
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118

<400>

SEQUENCE: 5

Met Ala Asn Lys Ser Leu Leu Leu Leu Leu Leu Leu Gly Ser Leu Ala

1 5

Ser Gly

<210> SEQ ID NO 6

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Unknown
<220> FEATURE:

<223> OTHER INFORMATION:
<400> SEQUENCE: 6

Met Ala Arg Leu Pro Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 7
LENGTH: 20

TYPE: PRT
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION:

secretion signal

SEQUENCE: 7

Met Ala Asn Lys Leu Leu

1

5

Ala Ala Ser Gly

<210>
<211>
<212>
<213>

<400>

gaattcccca acatggtgga

20

SEQ ID NO 8
LENGTH: 2615
TYPE: DNA

10

15

consensus eukaryotic secretion signal

Ala Ala Leu Gly
10

combination higher plants / eukaryotic

Leu Leu Leu Leu Leu Leu Leu Leu Pro Leu

10

ORGANISM: Saccharomyces cerevisiae

SEQUENCE: 8

gcacgacact ctcgtctact ccaagaatat

gtctcagaag accaaagggc tattgagact tttcaacaaa gggtaatatc

ctcggattce attgeccage tatctgtcac ttcatcaaaa ggacagtaga

ggcacctaca aatgccatca ttgcgataaa ggaaaggcta tcgttcaaga

gacagtggtc ccaaagatgg acccccaccce acgaggagca tcgtggaaaa

ccaaccacgt cttcaaagca agtggattga tgtgaacatg gtggagcacg

ctactccaag aatatcaaag atacagtctce agaagaccaa agggctattg

acaaagggta atatcgggaa acctectegg attccattge ccagetatct

caaaaggaca dtagaaaagg aaggtggcac ctacaaatgc catcattgeg

ggctatcegtt caagatgcct ctgccgacag tggtcccaaa gatggaccec

gagcatcgtyg gaaaaagaag acgttccaac cacgtcttca aagcaagtgg

tatctccact gacgtaaggg atgacgcaca atcccactat ccttegcaag

tatataagga agttcatttc atttggagag gacacgctga aatcaccagt

aaatctatct ctggegegece atatcaatge ttettcagge ctttettttt

gttttgctge caagatcagc gectctatga cgaacgaaac cteggataga

actttacacc aaacaagggc tggatgaatg accccaatgg actgtggtac

atgccaagtg gcatctgtac tttcaataca acccgaacga tactgtcetgg

15

caaagataca

gggaaaccte

aaaggaaggt

tgcctetgee

agaagacgtt

acactctegt

agacttttca

gtcacttcat

ataaaggaaa

cacccacgag

attgatgtga

acccttecte

ctctctectac

cttettgetyg

ccacttgtge

gacgaaaaag

gggacgccat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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tgttttgggg ccacgccacg tccgacgacce tgaccaattg ggaggaccaa ccaatagcta 1080
tcgctecgaa gaggaacgac tcecggagcat tctegggtte catggtggtt gactacaaca 1140
atacttccgg ctttttcaac gataccattg acccgagaca acgctgcgtg gecatatgga 1200
cttacaacac accggagtcc gaggagcagt acatctcgta tagcctggac ggtggataca 1260
cttttacaga gtatcagaag aaccctgtgc ttgctgcaaa ttcgactcag ttccgagatce 1320
cgaaggtctt ttggtacgag ccctcecgcaga agtggatcat gacagcggca aagtcacagg 1380
actacaagat cgaaatttac tcgtctgacg accttaaatc ctggaagctc gaatccgegt 1440
tcgcaaacga gggctttete ggctaccaat acgaatgccce aggcctgata gaggtcccaa 1500
cagagcaaga tcccagcaag tcctactggg tgatgtttat ttccattaat ccaggagcac 1560
cggcaggagg ttcttttaat cagtacttcg tcggaagcett taacggaact catttcgagg 1620
catttgataa ccaatcaaga gtagttgatt ttggaaagga ctactatgcc ctgcagactt 1680
tcttcaatac tgacccgacce tatgggagcg ctcecttggcat tgcegtggget tcetaactggg 1740
agtattccge attcgttect acaaaccctt ggaggtcectce catgtcgcte gtgaggaaat 1800
tctetetcaa cactgagtac caggccaacce cggaaaccga actcataaac ctgaaagccg 1860
aaccgatcct gaacattagce aacgctggce cctggagecg gtttgcaacce aacaccacgt 1920
tgacgaaagc caacagctac aacgtcgatc tttcgaatag caccggtaca cttgaatttg 1980
aactggtgta tgccgtcaat accacccaaa cgatctcgaa gtcggtgtte geggacctcet 2040
ccetetggtt taaaggcctyg gaagaccccg aggagtacct cagaatgggt ttcgaggttt 2100
ctgcgtecte cttcettectt gatcgcecggga acagcaaagt aaaatttgtt aaggagaacc 2160
catattttac caacaggatg agcgttaaca accaaccatt caagagcgaa aacgacctgt 2220
cgtactacaa agtgtatggt ttgcttgatc aaaatatcct ggaactctac ttcaacgatg 2280
gtgatgtcgt gtccaccaac acatacttca tgacaaccgg gaacgcactg ggctccgtga 2340
acatgacgac gggtgtggat aacctgttct acatcgacaa attccaggtg agggaagtca 2400
agtgagatct gtcgatcgac aagctcgagt ttctccataa taatgtgtga gtagttccca 2460
gataagggaa ttagggttcc tatagggttt cgctcatgtg ttgagcatat aagaaaccct 2520
tagtatgtat ttgtatttgt aaaatacttc tatcaataaa atttctaatt cctaaaacca 2580
aaatccagta ctaaaatcca gatcccccga attaa 2615
<210> SEQ ID NO 9
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 9
tgttgaagaa tgagccggceg ac 22
<210> SEQ ID NO 10
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 10
cagtgagcta ttacgcactc 20
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<210> SEQ ID NO 11
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca kruegani
<400> SEQUENCE: 11
tgttgaagaa tgagccggcg agttaaaaag agtggcatgg ttaaagaaaa tactctggag 60
ccatagcgaa agcaagttta gtaagcttag gtcattcttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttagta aaataacatg gaggcccgaa ccgactaatg 180
ttgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttetee ccgaaatgceg tttaggegca gecagtagcag tacaaataga ggggtaaage 300
actgtttett ttgtgggett cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcect tggtcaaaag ggaaacagcce 420
cagatcacca gttaaggccce caaaatgaaa atgatagtga ctaaggatgt gggtatgtca 480
aaacctccag caggttagct tagaagcagce aatccttteca agagtgcgta atagctcact 540
g 541
<210> SEQ ID NO 12
<211> LENGTH: 573
<212> TYPE: DNA
<213> ORGANISM: Prototheca wickerhamii
<400> SEQUENCE: 12
tgttgaagaa tgagccggceg acttaaaata aatggcagge taagagattt aataactcga 60
aacctaagcg aaagcaagtc ttaatagggce gtcaatttaa caaaacttta aataaattat 120
aaagtcattt attttagacc cgaacctgag tgatctaacc atggtcagga tgaaacttgg 180
gtgacaccaa gtggaagtcc gaaccgaccg atgttgaaaa atcggceggat gaactgtggt 240
tagtggtgaa ataccagtcg aactcagagce tagctggtte tcecccgaaat gegttgagge 300
gcagcaatat atctcgtcta tctaggggta aagcactgtt teggtgeggg ctatgaaaat 360
ggtaccaaat cgtggcaaac tctgaatact agaaatgacg atatattagt gagactatgg 420
gggataagct ccatagtcga gagggaaaca gcccagacca ccagttaagg ccccaaaatg 480
ataatgaagt ggtaaaggag gtgaaaatgc aaatacaacc aggaggttgg cttagaagca 540
gccatccttt aaagagtgcg taatagctca ctg 573
<210> SEQ ID NO 13
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca stagnora
<400> SEQUENCE: 13
tgttgaagaa tgagccggcg agttaaaaaa aatggcatgg ttaaagatat ttctctgaag 60
ccatagcgaa agcaagtttt acaagctata gtcatttttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttggtce aaataacatyg gaggcccgaa ccgactaatg 180
gtgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttetee ccgaaatgceg tttaggegca gcagtagcaa cacaaataga ggggtaaage 300
actgtttett ttgtgggett cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcect tggtcaaaag ggaaacagcce 420

cagatcacca gttaaggccce caaaatgaaa atgatagtga ctaaggacgt gagtatgtca 480
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aaacctccag caggttagct tagaagcagc aatcctttca agagtgegta atagctcact 540
g 541
<210> SEQ ID NO 14
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 14
tgttgaagaa tgagccggcg agttaaaaag agtggcatgg ttaaagataa ttctctggag 60
ccatagcgaa agcaagttta acaagctaaa gtcacccttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttggta aaataacatg gaggcccgaa ccgactaatg 180
gtgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttctcec ccgaaatgcg tttaggcgca gcagtagcaa cacaaataga ggggtaaagc 300
actgtttctt ttgtgggctt cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcct tggtcaaaag ggaaacagcc 420
cagatcacca gttaaggccc caaaatgaaa atgatagtga ctaaggatgt gggtatgtta 480
aaacctccag caggttagct tagaagcagc aatcctttca agagtgegta atagctcact 540
g 541
<210> SEQ ID NO 15
<211> LENGTH: 573
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 15
tgttgaagaa tgagccggcg acttaaaata aatggcaggce taagagaatt aataactcga 60
aacctaagcg aaagcaagtc ttaatagggc gctaatttaa caaaacatta aataaaatct 120
aaagtcattt attttagacc cgaacctgag tgatctaacc atggtcagga tgaaacttgg 180
gtgacaccaa gtggaagtcc gaaccgaccg atgttgaaaa atcggcggat gaactgtggt 240
tagtggtgaa ataccagtcg aactcagagc tagctggttce tccccgaaat gegttgaggce 300
gcagcaatat atctcgtcta tctaggggta aagcactgtt teggtgceggg ctatgaaaat 360
ggtaccaaat cgtggcaaac tctgaatact agaaatgacg atatattagt gagactatgg 420
gggataagct ccatagtcga gagggaaaca gcccagacca ccagttaagg ccccaaaatg 480
ataatgaagt ggtaaaggag gtgaaaatgc aaatacaacc aggaggttgg cttagaagca 540
gccatccttt aaagagtgcg taatagctca ctg 573
<210> SEQ ID NO 16
<211> LENGTH: 573
<212> TYPE: DNA
<213> ORGANISM: Prototheca wickerhamii
<400> SEQUENCE: 16
tgttgaagaa tgagccgtcg acttaaaata aatggcaggce taagagaatt aataactcga 60
aacctaagcg aaagcaagtc ttaatagggc gctaatttaa caaaacatta aataaaatct 120
aaagtcattt attttagacc cgaacctgag tgatctaacc atggtcagga tgaaacttgg 180
gtgacaccaa gtggaagtcc gaaccgaccg atgttgaaaa atcggcggat gaactgtggt 240

tagtggtgaa ataccagtcg aactcagage tagctggtte tececcgaaat gegttgagge 300
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gcagcaatat atctcgtcta tctaggggta aagcactgtt teggtgeggg ctatgaaaat 360
ggtaccaaat cgtggcaaac tctgaatact agaaatgacg atatattagt gagactatgg 420
gggataagct ccatagtcga gagggaaaca gcccagacca ccagttaagg ccccaaaatg 480
ataatgaagt ggtaaaggag gtgaaaatgc aaatacaacc aggaggttgg cttagaagca 540
gccatccttt aaagagtgcg taatagctca ctg 573
<210> SEQ ID NO 17
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 17
tgttgaagaa tgagccggceg agttaaaaag agtggcegtgg ttaaagaaaa ttctctggaa 60
ccatagcgaa agcaagttta acaagcttaa gtcacttttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttggta aaataacatyg gaggcccgaa ccgactaatg 180
gtgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttetee ccgaaatgceg tttaggegca gcagtagcaa cacaaataga ggggtaaage 300
actgtttett ttgtgggctc cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcect tggtcgaaag ggaaacagcce 420
cagatcacca gttaaggccce caaaatgaaa atgatagtga ctaaggatgt gagtatgtca 480
aaacctccag caggttagct tagaagcagce aatccttteca agagtgcgta atagctcact 540
g 541
<210> SEQ ID NO 18
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca zopfii
<400> SEQUENCE: 18
tgttgaagaa tgagccggcg agttaaaaag agtggcatgg ttaaagaaaa ttctctggag 60
ccatagcgaa agcaagttta acaagcttaa gtcacttttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttggta aaataacatyg gaggcccgaa ccgactaatg 180
gtgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttetee ccgaaatgceg tttaggegca gcagtagcaa cacaaataga ggggtaaage 300
actgtttett tcgtgggett cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcect tggtcaaaag ggaaacagcce 420
cagatcacca gttaaggccce caaaatgaaa atgatagtga ctaaggatgt gagtatgtca 480
aaacctccag caggttagct tagaagcagce aatccttteca agagtgcgta atagctcact 540
g 541
<210> SEQ ID NO 19
<211> LENGTH: 565
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 19
tgttgaagaa tgagccggceg acttagaaaa ggtggcatgg ttaaggaaat attccgaage 60
cgtagcaaaa gcgagtctga atagggcgat aaaatatatt aatatttaga atctagtcat 120

tttttcetaga cccgaacceg ggtgatctaa ccatgaccag gatgaagett gggtgatacce 180
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aagtgaaggt ccgaaccgac cgatgttgaa aaatcggegyg atgagttgtyg gttageggtg 240
aaataccagt cgaacccgga gctagetggt tcetccccgaa atgegttgag gegcagcagt 300
acatctagtce tatctagggg taaagcactg ttteggtgeg ggctgtgaga acggtaccaa 360
atcgtggcaa actctgaata ctagaaatga cgatgtagta gtgagactgt gggggataag 420
cteccattgte aagagggaaa cagcccagac caccagctaa ggccccaaaa tggtaatgta 480
gtgacaaagyg aggtgaaaat gcaaatacaa ccaggaggtt ggcttagaag cagccatcct 540
ttaaagagtg cgtaatagct cactg 565

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 20
H: 550
PRT

<213> ORGANISM: Chicorium intybus

<400> SEQUENCE: 20

Met Ser Asn
1

Glu Gln Pro
Met Asn Asp
35

Phe Tyr Gln
50

Trp Ala His

Leu Ala Phe

Gly Ser Ala

Gly Ile Asp
115

Asp Leu Ser
130

Pro Ile Ile
145

Pro Thr Thr

Gly Ser Gln

Asp Phe Val
195

Gly Thr Gly
210

Ser Thr Asn
225

Lys His Val

Leu Ile Gly

Glu Leu Thr
275

Ser Lys Ser
290

Ser Ser Asn Ala Ser

Tyr Arg Thr Ala Phe

20

Pro Asn Gly Pro Met

40

Tyr Asn Pro Phe Gly

55

Ser Val Ser His Asp

Ala Pro Thr Glu Pro

85

Thr Val Leu Pro Gly

100

Thr Glu Asn Arg Gln

120

Asp Pro Tyr Leu Arg

135

Ser Leu Pro Glu Glu
150

Thr Trp Leu Glu Glu

165

Lys Asp Lys Thr Gly

180

Asn Trp Thr Lys Ser

200

Met Trp Glu Cys Val

215

Gly Val Asp Thr Ser
230

Leu Lys Leu Gly Ile

245

Lys Tyr Ser Ala Asp

260

Leu Ser Thr Leu Arg

280

Phe Phe Asp Pro Val

295

Glu

His

25

Cys

Pro

Leu

Phe

Asn

105

Val

Glu

Ile

Asp

Ile

185

Asp

Asp

Ile

Gln

Lys
265

Leu

Lys

Ser

10

Phe

Tyr

Leu

Ile

Asp

90

Lys

Gln

Trp

Gln

Gly

170

Ala

Ser

Phe

Ile

Asp
250
Glu

Asp

Asn

Leu

Gln

Asn

Trp

Asn

75

Ile

Pro

Asn

Val

Pro

155

Thr

Phe

Pro

Phe

Asn

235

His

Asn

Tyr

Arg

Phe Pro Ala
Pro Pro Gln
30

Gly Val Tyr
45

Asn Leu Arg
60

Trp Ile His

Asn Gly Cys

Ile Met Leu

110

Leu Ala Val
125

Lys His Thr
140

Asp Asp Phe

Trp Arg Leu

Leu Tyr His
190

Leu His Lys
205

Pro Val Trp
220

Pro Ser Asn

Gly Lys Asp

Tyr Val Pro

270

Gly Met Tyr
285

Arg Ile Met
300

Thr Ser

15

Asn Trp

His Leu

Met Tyr

Leu Asp

Leu Ser

95

Tyr Thr

Pro Lys

Gly Asn

Arg Asp

160

Leu Val
175

Ser Gly

Val Ser

Val Asp

Arg Val
240

Cys Tyr
255
Glu Asp

Tyr Ala

Thr Ala
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130

Trp

305

Ser

Lys

Asn

Glu

Lys

385

Asp

Phe

Gln

Glu

465

Glu

Gly

Ala

Ser

Met
545

Val

Gly

Gln

Glu

Val

370

Leu

Pro

Gly

Thr

Leu

450

Lys

Ile

Gly

Ile

Val

530

Lys

Asn

Val

Leu

Val

355

Leu

Ala

Gln

Pro

Ala

435

Met

Arg

Ser

Arg

Gly

515

Glu

Val

Glu

Gln

Leu

340

Ser

Gly

Asn

Leu

Phe

420

Ile

Cys

Thr

Leu

Gly

500

Glu

Ile

Glu

Ser

Ser

325

Gln

Phe

Ile

Leu

Ile

405

Gly

Phe

Ser

Tyr

Arg

485

Lys

Gln

Ser

Glu

<210> SEQ ID NO 21

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Schizosaccharomyces

PRT

<400> SEQUENCE:

Met

1

Leu

Pro

Thr

Cys

65

Thr

Asp

Gln

Phe

Ser

Val

Val

50

Leu

Asp

Pro

Tyr

Leu

Ser

Ile

35

Pro

Gly

Arg

Asn

Ser

Lys

Thr

20

Tyr

Pro

Asn

Pro

Gly
100

Pro

581

21

Tyr

Asn

Asn

Pro

Tyr

Lys

85

Leu

Lys

Asp

310

Phe

Trp

His

Thr

Glu

390

Cys

Leu

Phe

Asp

Gly

470

Thr

Thr

Ala

Glu

Pro
550

Ile

Ala

Ala

Pro

Asn

70

Ile

Val

Thr

Ser

Pro

Pro

Asn

Ala

375

Glu

Ser

Leu

Arg

Gln

455

Ala

Leu

Cys

Arg

Leu
535

Leu

Ala

Ser

Phe

55

Glu

His

Tyr

Leu

Glu

Arg

Ile

Lys

360

Ser

Ala

Glu

Ala

Val

440

Ser

Phe

Ile

Ile

Leu

520

Ser

Ala

Pro

Asn

40

Val

Tyr

Phe

Thr

Thr

Ala

Ser

Glu

345

Lys

Gln

Glu

Asn

Leu

425

Phe

Arg

Val

Asp

Thr

505

Phe

Ala

Ser

Arg

25

Ile

Asn

Leu

Thr

Gly
105

Ala

Asp

Leu

330

Glu

Leu

Ala

Glu

Asp

410

Ala

Arg

Ser

Asp

His

490

Thr

Ala

Trp

Val

315

Trp

Ile

Asp

Asp

Leu

395

Ala

Ser

Lys

Ser

Ile

475

Ser

Arg

Phe

Ser

pombe

Gly

His

Thr

Thr

Pro

Pro

90

Gly

Gly

Ile

Leu

Glu

Thr

Ser

75

Ser

Val

Glu

Ile

Leu

Glu

Gly

Val

380

Asp

Ser

Ser

Asn

Met

460

Asp

Ile

Val

Asn

Met
540

Cys

Tyr

Val

Ala

60

Gly

Ser

Tyr

Val

Ala

Asp

Met

Gly

365

Lys

Pro

Lys

Asp

Gly

445

Lys

Pro

Val

Tyr

His

525

Lys

Leu

Val

Ser

45

Pro

Tyr

Gly

His

His

Arg

Lys

Leu

350

Ser

Ile

Ser

Lys

Leu

430

Arg

Asn

Gln

Glu

Pro

510

Gly

Lys

Val

Lys

30

Asn

Asn

Tyr

Phe

Met

110

Trp

Gly

Asn

335

His

Ser

Ser

Trp

Gly

415

Arg

Tyr

Gly

Gln

Ser

495

Thr

Thr

Ala

Ser

15

Arg

Ser

Gly

Asn

Met

95

Phe

Gly

Trp

320

Gln

Gln

Leu

Phe

Val

400

Lys

Glu

Val

Ile

Asp

480

Phe

Leu

Glu

Gln

Leu

Tyr

Thr

Thr

Ala

80

Asn

Phe

His
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-continued

132

Thr

Tyr

145

Ser

Thr

Gly

Thr

Gln

225

Ser

Gly

Pro

305

Trp

Asp

Ala

Thr

Arg

385

Thr

Thr

Ser

Leu

Arg

465

Ala

Asp

Gly

Val

130

Pro

Ala

Ile

Val

Phe

210

Phe

Met

Tyr

Tyr

Glu

290

Gly

Asn

Leu

Asn

Asn

370

Lys

Ser

Leu

Pro

Ser

450

Ile

Asp

Gln

Ile

Leu
530

115

Ser

Asp

Val

Pro

Ala

195

Lys

Arg

Ile

Asp

Leu

275

Gly

Ala

Gly

Gly

Ala

355

Gln

Phe

Leu

Phe

Ile

435

Ile

Ile

Val

Met

Tyr
515

Leu

Lys

Glu

Val

Glu

180

Glu

Lys

Asp

Val

Leu

260

Gly

Thr

Pro

Thr

Lys

340

Asp

Ala

Thr

Ile

Thr

420

Thr

Asn

Ile

Asp

Gly

500

Ile

Glu

Asp

His

Asp

165

Glu

Arg

Tyr

Pro

Ala

245

Ile

Leu

Asp

Leu

Asn

325

Asp

Val

Pro

Leu

Gln

405

Ala

Leu

Tyr

Asp

Phe

485

Trp

Tyr

Leu

Leu

Glu

150

Val

Arg

Gln

Ser

Lys

230

Met

His

Gln

Glu

Gly

310

Phe

Phe

Ile

Thr

Arg

390

Thr

Pro

Pro

Thr

Ser

470

Ala

Phe

Gly

Tyr

Ile

135

Asn

His

Ile

Ala

Gly

215

Val

Ser

Trp

Tyr

Tyr

295

Gly

Val

Tyr

Gly

Gln

375

Asp

Pro

Val

Ser

Glu

455

Asp

Ala

Asn

Asn

Val
535

120

His

Gly

Asn

Val

Ile

200

Asn

Ile

Gln

Thr

Glu

280

Lys

Ser

Pro

Ala

Val

360

Val

Val

Leu

Ile

Asn

440

Gly

Asp

Ser

Ser

Val
520

Asn

Trp

Val

Ser

Leu

185

Ala

Pro

Trp

Asn

Glu

265

Cys

Trp

Val

Asp

Ser

345

Gly

Phe

Pro

Asn

Asn

425

Thr

Cys

Pro

Thr

Leu
505

Thr

Asn

Glu

Leu

Ser

170

Ile

Tyr

Val

Asp

Tyr

250

Leu

Pro

Val

Val

Asp

330

Ala

Trp

Arg

Gln

Val

410

Ser

Ala

Thr

Tyr

Leu
490
Phe

Leu

Gly

Asn

Ser

155

Gly

Tyr

Thr

Leu

Phe

235

Gly

Ser

Gly

Leu

Gln

315

Gly

Leu

Ala

Ser

Asn

395

Ser

Ser

Phe

Thr

Arg

475

Val

Thr

Tyr

Glu

Tyr

140

Leu

Leu

Thr

Thr

Asp

220

Asp

Ile

Val

Met

Phe

300

Tyr

Gln

Tyr

Ser

Ala

380

Pro

Leu

Ser

Glu

Gly

460

Leu

Ile

Pro

Gly

Lys
540

125

Pro

Pro

Phe

Asp

Asp

205

Ile

Ala

Ala

Phe

Ala

285

Ile

Phe

Thr

His

Asn

365

Met

Met

Leu

Ser

Phe

445

Tyr

Gln

Asn

Ser

Ile
525

Thr

Ile

Phe

Ser

His

190

Gly

Asn

Asn

Phe

Ser

270

Arg

Ser

Val

Arg

Ser

350

Trp

Thr

Thr

Arg

Leu

430

Asn

Cys

Ser

Arg

Phe
510

Val

Tyr

Ala

Ser

Asn

175

Trp

Gly

Ser

Arg

Tyr

255

Thr

Val

Ile

Gly

Phe

335

Ser

Gln

Val

Asn

Asp

415

Ser

Val

Leu

Ile

Ala
495
Ala

Asp

Thr

Ile

Gly

160

Asp

Thr

Tyr

Leu

Trp

240

Ser

Ser

Pro

Asn

Asp

320

Val

Ser

Tyr

Ala

Leu

400

Glu

Gly

Thr

Gly

Ser

480

Lys

Asn

Asn

Asn
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133

-continued

134

Asp
545

Ala

Thr

Phe Phe Phe Leu Gln Gly Ala Thr Pro Gly Gln Ile Ser Phe
550 555

Phe Gln Gly Val Ser Phe Asn Asn Val Thr Val Thr Pro Leu
565 570 575

Ile Trp Asn Cys
580

<210> SEQ ID NO 22

<211> LENGTH: 550

<212> TYPE: PRT

<213> ORGANISM: Picha anomala

<400> SEQUENCE: 22

Met

1

Asn

Leu

Asp

Lys

65

Lys

Asn

Asn

Tyr
145

Phe

Lys

Pro

225

Thr

Gly

Phe

Phe

Leu

305

Thr

Ile Gln Leu Ser Pro Leu Leu Leu Leu Pro Leu Phe Ser Val
Ser Ile Ala Asp Ala Ser Thr Glu Tyr Leu Arg Pro Gln Ile
20 25 30

Thr Pro Asp Gln Gly Trp Met Asn Asp Pro Asn Gly Met Phe
35 40 45

Arg Lys Asp Lys Leu Trp His Val Tyr Phe Gln His Asn Pro
50 55 60

Lys Ser Ile Trp Ala Thr Pro Val Thr Trp Gly His Ser Thr
70 75

Asp Leu Leu Thr Trp Asp Tyr His Gly Asn Ala Leu Glu Pro
85 90 95

Asp Asp Glu Gly Ile Phe Ser Gly Ser Val Val Val Asp Arg
100 105 110

Thr Ser Gly Phe Phe Asn Asp Ser Thr Asp Pro Glu Gln Arg
115 120 125

Ala Ile Tyr Thr Asn Asn Ala Gln Leu Gln Thr Gln Glu Ile
130 135 140

Ser Leu Asp Lys Gly Tyr Ser Phe Ile Lys Tyr Asp Gln Asn
150 155

Ile Asn Val Asn Ser Ser Gln Gln Arg Asp Pro Lys Val Leu
165 170 175

Asp Glu Ser Asn Gln Trp Ile Met Val Val Ala Lys Thr Gln
180 185 190

Lys Val Gln Ile Tyr Gly Ser Pro Asp Leu Lys Lys Trp Asp
195 200 205

Ser Asn Phe Thr Ser Asn Gly Tyr Leu Gly Phe Gln Tyr Glu
210 215 220

Gly Leu Phe Lys Leu Pro Ile Glu Asn Pro Leu Asn Asp Thr
230 235

Ser Lys Trp Val Leu Leu Leu Ala Ile Asn Pro Gly Ser Pro
245 250 255

Gly Ser Ile Asn Glu Tyr Phe Ile Gly Asp Phe Asp Gly Thr
260 265 270

His Pro Asp Asp Gly Ala Thr Arg Phe Met Asp Ile Gly Lys
275 280 285

Tyr Ala Phe Gln Ser Phe Asp Asn Thr Glu Pro Glu Asp Gly
290 295 300

Gly Leu Ala Trp Ala Ser Asn Trp Gln Tyr Ala Asn Thr Val
310 315

Glu Asn Trp Arg Ser Ser Met Ser Leu Val Arg Asn Tyr Thr

Ala
560

Lys

Phe

His

Tyr

Asp

Ser

80

Glu

Asn

Ile

Ala

Pro

160

Trp

Glu

Leu

Cys

Val

240

Leu

Thr

Asp

Ala

Pro
320

Leu
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-continued

136

Lys

Lys

Thr

Lys

385

Gly

Gly

Thr

Ser

Asn

465

Asp

Arg

Asn

Arg
545

Tyr

Pro

Leu

370

Ser

Val

Tyr

Val

Thr

450

Ser

Thr

Asn

Thr

Cys

530

Glu

Val

Val

355

Glu

Ser

Phe

Ser

Lys

435

Thr

Pro

Thr

Ile

Phe

515

Asp

Leu

Asp

340

Tyr

Thr

Phe

Glu

Asn

420

Gly

Trp

Val

Asp

Leu

500

Phe

Ser

Ala

325

Val

Asp

Ile

Val

Phe

405

Met

Ser

Tyr

Phe

Gln

485

Glu

Phe

Glu

Arg

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Debaryomyces occidentalis

PRT

<400> SEQUENCE:

Met Val Gln Val

1

Phe

Glu

Asn

Leu

65

Tyr

Glu

Ser

Ile

Gly

Tyr

Asp

50

Tyr

Trp

Ile

Ile

Asp
130

Tyr
Asn
35

Pro

Phe

Gly

Ala

Val

115

Pro

Val

20

Arg

Asn

Gln

His

Ile
100

Val

Asn

533

23

Leu

Ala

Pro

Gly

Tyr

Ala

85

Gly

Asp

Gln

Asn

Thr

Asn

Ala

390

Asp

Thr

Gln

Ile

Thr

470

Gly

Leu

Arg

Lys

Lys
550

Ser

Ser

Leu

Leu

Asn

70

Thr

Pro

His

Arg

Pro

Lys

Glu

375

Thr

Leu

Thr

Glu

Asp

455

Glu

Asn

Tyr

Glu

Ser
535

Val

Ser

Ile

Phe

55

Pro

Ser

Glu

Asn

Ile
135

Glu

Glu

360

Tyr

Asp

Lys

Gln

Thr

440

Arg

Arg

Val

Phe

Gly

520

Phe

Leu

Ser

His

Tyr

Asn

Asn

His

Asn

120

Val

Asn

345

Thr

Glu

Phe

Phe

Phe

425

Leu

Thr

Ile

Tyr

Asn

505

Lys

Ile

Val

Ile

25

Phe

Asp

Ala

Asp

Asp

105

Thr

Ala

330

Tyr

Arg

Val

Asn

Thr

410

Gly

Gln

Thr

Ser

Thr

490

Asp

Ile

Thr

Ile

10

Asp

Thr

Lys

Thr

Leu
90
Asn

Ser

Ile

Gly

Leu

Asn

Thr

395

Gln

Leu

Leu

Gln

Thr

475

Leu

Gly

Pro

Ile

Pro

Leu

Pro

Thr

Ala

75

Val

Glu

Gly

Tyr

Leu

Asn

Asp

380

Glu

Thr

Tyr

Val

His

460

Tyr

Tyr

Ser

Thr

Asp
540

Leu

Ser

Glu

Ala

60

Trp

His

Gly

Phe

Thr
140

Thr

Glu

365

Leu

Arg

Asp

Ile

Phe

445

Ser

Val

Gly

Ile

Ser

525

Glu

Leu

Val

Lys

45

Lys

Gly

Trp

Ile

Phe
125

Asn

Leu

350

Thr

Lys

Asn

Leu

His

430

Asp

Phe

Glu

Val

Ala

510

Phe

Leu

Thr

Asp

30

Gly

Leu

Gln

Asp

Phe

110

Asn

Asn

335

Ile

Leu

Leu

Ala

Lys

415

Ser

Thr

Gln

Lys

Val

495

Met

Glu

Ser

Leu

15

Thr

Trp

Trp

Pro

Glu

95

Ser

Ser

Ile

Gln

Lys

Asp

Thr

400

Met

Gln

Leu

Arg

Ile

480

Asp

Thr

Val

Val

Phe

Ser

Met

His

Leu

80

His

Gly

Ser

Pro
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-continued

138

Asp
145
Phe

Phe

Ala

Tyr

225

Asn

Ser

Gly

Gly

305

Pro

Leu

Ser

Asn

Ser

385

Asn

Glu

Gln

Arg

Asp

465

Lys

Asn

Arg

Leu

Thr

Arg

Gly

Asn

210

Gly

Ser

Pro

Phe

Lys

290

Leu

Thr

Arg

Val

Val

370

Thr

Val

Leu

Ser

Lys

450

Tyr

Asn

Thr

Thr

Glu
530

Gln

Lys

Asp

Cys

195

Leu

Asn

Asp

Leu

Gln

275

Asp

Gly

Asn

Tyr

Leu

355

Lys

Gly

Ser

Asn

Leu

435

Gln

Asp

Ile

Phe

Asp
515

Leu

Thr

Tyr

Pro

180

Ser

Lys

Gln

Lys

Gly

260

Phe

Phe

Leu

Pro

Val

340

Pro

Leu

Leu

Pro

Ser

420

Phe

Phe

Gln

Ile

Phe
500

Thr

Asn

Gln

Glu

165

Lys

Glu

Asn

Tyr

Ser

245

Gly

Val

Tyr

Ala

Trp

325

Ile

Asp

Thr

Phe

Gly

405

Ser

Tyr

Phe

Asp

Glu

485

Met

Glu

Lys

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:

PRT

654

Asp

150

Asn

Val

Ile

Trp

Gly

230

Lys

Ser

Pro

Ala

Trp

310

Arg

Gln

Ser

Asn

Asp

390

Lys

Val

Ile

Thr

Leu

470

Leu

Gly

Glu

Ile

Asn

Phe

Ala

Val

215

Met

Trp

Ile

Asp

Phe

295

Ala

Ser

Met

Ile

Lys

375

Phe

Thr

Asp

Asp

Asp

455

Arg

Tyr

Glu

Pro

Ala

Pro

Trp

Arg

200

Leu

Ser

Val

Asn

Asp

280

Gln

Ser

Ser

Leu

Asn

360

Lys

Asn

His

Ser

Arg

440

Lys

Val

Phe

Gly

Leu
520

Phe

Val

His

185

Val

Asn

Arg

Met

Gln

265

Ser

Thr

Asn

Thr

Lys

345

Val

Pro

Ile

Phe

Ile

425

His

Leu

Phe

Asn

Lys

505

Phe

Ser

Ile

170

Glu

Lys

Ser

Leu

Phe

250

Tyr

Gln

Phe

Trp

Ser

330

Leu

Val

Ile

Thr

Asp

410

Lys

Ile

Ala

Ser

Asp

490

Tyr

Glu

Leu

155

Asp

Arg

Ile

Asn

Ile

235

Leu

Phe

Thr

Ser

Gln

315

Leu

Thr

Asp

Lys

Phe

395

Ile

Ile

Pro

Ala

Leu

475

Gly

Pro

Leu

Asp Gly Gly Tyr

Val

Phe

Gln

Phe

220

Glu

Ala

Val

Arg

Glu

300

Tyr

Ala

Ala

Lys

Thr

380

Lys

Leu

Gly

Asn

Tyr

460

Tyr

Thr

His

Glu

Ser

Lys

Ile

205

Ser

Val

Ile

Gly

Phe

285

Val

Ala

Arg

Asn

Leu

365

Asn

Val

Ile

Phe

Val

445

Leu

Gly

Val

Asp

Ser
525

Ser

Ser

190

Phe

Ser

Pro

Asn

Asp

270

Val

Glu

Asp

Asn

Ile

350

Lys

Phe

Leu

Asn

Asp

430

Glu

Glu

Ile

Ala

Ile
510

Val

Asn

175

Met

Gly

Gly

Ile

Pro

255

Phe

Asp

His

Gln

Tyr

335

Asp

Lys

Lys

Asn

Ser

415

Ser

Phe

Pro

Val

Met

495

Gln

Ile

Thr

160

Gln

Asp

Ser

Tyr

Glu

240

Gly

Asp

Ile

Gly

Val

320

Thr

Lys

Lys

Gly

Leu

400

Gln

Ser

Pro

Leu

Asp

480

Thr

Ile

Ile
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139

-continued

140

<213> ORGANISM:

<400> SEQUENCE:

Met

1

Ala

Glu

Ser

Ala

65

Met

Arg

Leu

Asn

His

145

Thr

Pro

Thr

Thr

Ala

225

Asn

Asp

Glu
Ala
305

Ser

Tyr

Asn

Tyr
385

Ala

Ala

Ile

Ser

50

Pro

Pro

Gly

Met

Trp

130

Leu

Trp

Phe

Gly

Gly

210

Asn

Pro

Pro

Thr

Thr

290

Val

Thr

Lys

Ala

Pro

370

Tyr

Thr

Val

Arg

35

Leu

Pro

Pro

Ala

Leu

115

Met

Phe

Gly

Ala

Ser

195

Asp

Leu

Val

Thr

Ile

275

Thr

Pro

Thr

His

Leu
355

Asp

Ala

Ser

Tyr

20

Asp

Leu

Ser

Ser

Ser

100

Ser

Asn

Tyr

His

Met

180

Ala

Thr

Ser

Ile

Thr

260

Gly

Asn

Gly

Gly

Val
340
Gly

Leu

Ala

Oryza sativa

24

Arg Leu Thr Pro Ala Tyr Asp Leu Lys Asn Ala

Thr Pro Leu Pro Glu Gln Pro His Ser Ala Glu
25 30

Arg Lys Pro Phe Lys Ile Ile Ser Ala Ile Ile
40 45

Leu Leu Ala Leu Ile Leu Val Ala Val Asn Tyr
55 60

His Ser Ser Gly Asp Asn Ser Gln Pro Ala Ala
70 75

Arg Gly Val Ser Gln Gly Val Ser Glu Lys Ala
85 90 95

Gly Ala Gly Asn Gly Val Ser Phe Ala Trp Ser
105 110

Trp Gln Arg Thr Ser Tyr His Phe Gln Pro Val
120 125

Asp Pro Asn Gly Pro Leu Tyr Tyr Lys Gly Trp
135 140

Gln Tyr Asn Pro Asp Ser Ala Val Trp Gly Asn
150 155

Ala Val Ser Thr Asp Leu Ile Asn Trp Leu His
165 170 175

Val Pro Asp Gln Trp Tyr Asp Val Asn Gly Val
185 190

Thr Ile Leu Pro Asp Gly Arg Ile Val Met Leu
200 205

Asp Asp Tyr Val Gln Asp Gln Asn Leu Ala Phe
215 220

Asp Pro Leu Leu Val Asp Trp Val Lys Tyr Pro
230 235

Tyr Pro Pro Pro Gly Ile Gly Val Lys Asp Phe
245 250 255

Ala Gly Thr Ala Gly Met Gln Asn Gly Gln Arg
265 270

Ser Lys Val Gly Lys Thr Gly Ile Ser Leu Val
280 285

Phe Thr Thr Phe Lys Leu Leu Tyr Gly Val Leu
295 300

Thr Gly Met Trp Glu Cys Val Asp Leu Tyr Pro
310 315

Glu Asn Gly Leu Asp Thr Ser Val Asn Gly Leu
325 330 335

Leu Lys Thr Ser Leu Asp Asp Asp Lys His Asp
345 350

Thr Tyr Asp Pro Val Lys Asn Lys Trp Thr Pro
360 365

Asp Val Gly Ile Gly Leu Arg Leu Asp Tyr Gly
375 380

Arg Thr Phe Tyr Asp Gln Asn Lys Gln Arg Arg
390 395

Ala

Val

Leu

Gln

Val

80

Phe

Asn

Lys

Tyr

Ile

160

Leu

Trp

Tyr

Pro

Asn

240

Arg

Leu

Tyr

His

Val

320

Gly

Tyr

Asp

Lys

Ile
400



141

US 9,066,527 B2

-continued

142

Leu

Lys

Lys

Ser

Gly

465

Thr

Ser

Arg

Leu

Gly

545

Ala

Asp

Glu

Pro

Ala

625

Ser

Trp

Gly

Lys

Trp

450

Ser

Ala

His

Gly

Ser

530

Lys

Ser

Gly

Ser

Thr

610

Thr

Phe

Gly

Trp

Thr

435

Ser

Val

Ser

Asp

Ser

515

Glu

Ala

Gly

Glu

Phe

595

Lys

Glu

Ile

Trp

Ala

420

Gly

Ser

Val

Phe

Ala

500

Leu

Leu

Lys

Val

Asn

580

Ala

Asp

Ala

Arg

Ile

405

Ser

Thr

Gly

Pro

Glu

485

Gly

Gly

Thr

Ala

Glu

565

Tyr

Gln

Ile

Ser

Pro
645

<210> SEQ ID NO 25

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Allium cepa

PRT

<400> SEQUENCE:

Met
1
Pro

Leu

Ala

65

Gly

Phe

Arg

Ser

Pro

Arg

Thr

50

Ser

Lys

Val

Gly

Ser

Ser

Leu

35

Phe

Asp

Asp

Leu

Lys
115

Asp

Asp

20

Leu

Leu

Pro

Ala

Asp
100

Asp

690

25

Asp

Glu

Ser

Ser

Val

Gly

85

Pro

Ala

Gly

Leu

Asn

Asp

Ile

470

Val

Tyr

Pro

Pro

His

550

Lys

Ser

Ala

Tyr

Val

630

Tyr

Leu

Phe

Ile

Asn

Thr

70

Val

Val

Gly

Glu

Gln

Val

Pro

455

His

Asp

Asp

Phe

Val

535

Leu

Glu

Ala

Gly

Gly

615

Arg

Pro

Glu

His

Pro

Leu

55

Phe

Ser

Ala

Val

Thr

Ala

Leu

440

Ile

Val

Glu

Cys

Gly

520

Tyr

Cys

Val

Arg

Arg

600

Ala

Ala

Phe

Ser

Asp

Leu

40

Glu

Asp

Asp

Val

Ser
120

Asp

Ile

425

Gln

Thr

Ser

Thr

Ser

505

Leu

Leu

Ala

Tyr

Ile

585

Thr

Ala

Ser

Ile

Pro

Gln

25

Ala

Ser

Val

Lys

Asp

105

Asp

Leu

410

Pro

Arg

Gln

Gly

Leu

490

Asn

Leu

Tyr

Tyr

Gly

570

Leu

Cys

Arg

Leu

Pro
650

Pro

10

Pro

Leu

Pro

Asn

Thr

90

Ala

Lys

Glu

Arg

Pro

Arg

Ala

475

Leu

Ser

Val

Val

Gln

555

Ser

Ile

Val

Cys

Lys

635

Asp

Ser

Pro

Met

Pro

Pro

75

Ser

Asn

Thr

Ala

Thr

Glu

Arg

460

Thr

Glu

Gly

Val

Ala

540

Thr

Ala

Asp

Arg

Phe

620

Ala

Gln

Ser

Pro

Phe

Ser

60

Ala

Gly

Ser

Ser

Val Asp Leu

Ile

Glu

445

Ile

Gln

Thr

Gly

Ala

525

Lys

Arg

Val

His

Ser

605

Phe

Trp

Lys

Tyr

Leu

Leu

45

Asp

Val

Val

Val

Gly
125

Val

430

Glu

Phe

Leu

Thr

Ala

510

Asp

Gly

Ser

Pro

Ser

590

Arg

Phe

Gln

Ser

Leu

Arg

Leu

Ser

Val

Asp

Val

110

Val

415

Phe

Val

Glu

Asp

Ser

495

Gly

Glu

Gly

Ser

Val

575

Ile

Asp

Asn

Met

Pro

15

Ser

Phe

Gly

Arg

Ser

95

Val

Asp

Met

Asp

Glu

Pro

Ile

480

Glu

Thr

Lys

Asp

Met

560

Leu

Val

Tyr

Asn

Lys
640

Ile

Trp

Leu

Leu

Arg

80

Gly

His

Ser
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-continued

144

Gly

Met

145

Trp

Phe

Trp

Leu

Gly

225

Gly

Asp

Pro

Pro

Ile

305

Thr

Thr

Pro

Arg

385

Trp

Asp

Lys

Ala

Thr

Gln

Ala

Leu

130

Leu

Met

Phe

Gly

Ala

210

Ser

Ala

Gln

Ile

Thr

290

Gly

Lys

Glu

Ala

Ser

370

His

Val

Trp

Arg

Asp

450

Leu

Glu

Val

Leu

Val
530

Leu

Ser

Asn

Tyr

His

195

Met

Ala

Thr

Ser

Leu

275

Thr

Ser

Asp

Arg

Asp

355

Pro

Asp

Pro

Gly

Arg

435

Ile

Leu

Ile

Asp

Asp

515

Lys

Lys

Trp

Asp

Gln

180

Ala

Val

Thr

Asn

Asp

260

Val

Ala

Lys

Phe

Val

340

Ser

Ala

Tyr

Asp

Lys

420

Ile

Ala

Asp

Glu

Ala
500

Ile

Glu

Asp

Gln

Pro

165

Tyr

Val

Pro

Ile

Glu

245

Thr

Pro

Trp

Asp

Ile

325

Gly

Ser

Val

Tyr

Asp

405

Phe

Leu

Lys

Val

Ser
485
Gly

Glu

Ala

Ser

Arg

150

Asn

Asn

Ser

Asp

Leu

230

Ser

Leu

Pro

Tyr

Ser

310

Asn

Met

His

Lys

Ala

390

Ala

Tyr

Trp

Gly

Lys

470

Leu

Ser

Ala

Asp

Pro

135

Thr

Gly

Pro

Arg

Gln

215

Pro

Val

Leu

Pro

Glu

295

Ser

Tyr

Trp

Ala

His

375

Ile

Ser

Ala

Ser

Trp

455

Thr

Arg

Thr

Glu

Val
535

Leu

Gly

Pro

Glu

Asp

200

Trp

Asp

Gln

Leu

Gly

280

Pro

His

Lys

Glu

Asn

360

Val

Gly

Val

Ser

Trp

440

Ala

Gly

Thr

Phe

Phe
520

Ser

Gly

Phe

Leu

Gly

185

Leu

Tyr

Gly

Val

Arg

265

Ile

Ser

Ser

Leu

Cys

345

His

Leu

Thr

Asp

Lys

425

Ile

Ser

Ser

Arg

Lys

505

Lys

Tyr

Pro

His

Tyr

170

Ala

Val

Asp

Gln

Gln

250

Trp

Gly

Asp

Gly

Ile

330

Val

Gly

Lys

Tyr

Val

410

Thr

Gly

Leu

Asn

Pro
490
Leu

Ile

Asn

Tyr

Phe

155

Tyr

Val

His

Ile

Ile

235

Asn

Lys

Asp

Asp

Ile

315

Pro

Asp

Leu

Ala

Asp

395

Gly

Phe

Glu

Gln

Leu

475

Arg

Asp

Ser

Cys

Pro

140

Gln

Lys

Trp

Trp

Asn

220

Val

Leu

Lys

Lys

Thr

300

Ala

Gly

Phe

Asp

Ser

380

Pro

Ile

Tyr

Thr

Gly

460

Ile

Asp

Val

Ser

Ser
540

Trp

Pro

Gly

Gly

Thr

205

Gly

Met

Ala

Ser

Asp

285

Trp

Ile

Ile

Tyr

Pro

365

Met

Ala

Gly

Asp

Asp

445

Val

Thr

Phe

Gly

Glu

525

Ser

Thr

Val

Trp

Asn

190

His

Val

Leu

Val

Glu

270

Phe

Arg

Val

Leu

Pro

350

Ser

Asp

Gln

Leu

His

430

Ser

Pro

Trp

Ser

Gly
510

Glu

Ser

Asn

Lys

Tyr

175

Ile

Leu

Trp

Tyr

Pro

255

Ala

Arg

Ile

Tyr

His

335

Val

Ala

Asp

Asn

Arg

415

Ala

Glu

Arg

Pro

Gly
495
Ala

Leu

Gly

Gln

Asn

160

His

Ala

Pro

Thr

Thr

240

Ala

Asn

Asp

Val

Ser

320

Ala

Ala

Arg

Asp

Thr

400

Tyr

Lys

Thr

Thr

Val

480

Ile

Ala

Glu

Gly
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-continued

146

Ala

545

Asn

Gly

Ser

Pro

Ser

625

Arg

Phe

Trp

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Ala

Gln

Met

Ser

Val

610

Ile

Val

Asn

His

Met
690

Glu

Asp

Asp

Lys

595

Leu

Val

Tyr

Asn

Met
675

Arg

Leu

Gly

580

Ala

Asp

Glu

Pro

Ala

660

Ser

PRT

LOCATION:

SEQUENCE :

Gly

Thr

565

Gly

Ser

Gly

Ser

Thr

645

Thr

Thr

SEQ ID NO 26
LENGTH:
TYPE:
ORGANISM: Beta vulgaris
FEATURE:
NAME/KEY: misc_feature

(382) ..(382)

OTHER INFORMATION: Xaa can be

501

26

Leu Phe Tyr Gln Tyr

1

Trp

Leu

Gly

Gly

65

Asp

Pro

Arg

Leu

Ser
145

Asp

Ala

Gly

Thr

Ser

50

Leu

Thr

Val

Asp

Ile

130

Arg

Lys

Asn

Lys

His

Met

35

Ala

Asp

Ser

Met

Pro

115

Gly

Asp

Leu

Gly

His

Ser

20

Glu

Thr

Pro

Asp

Phe

100

Thr

Ser

Phe

Ser

Asp
180

Val

5

Thr

Pro

Ile

Lys

Pro

85

Pro

Thr

Lys

Val

Gly
165

Gln

Leu

Val

550

Glu

Leu

Asp

Glu

Phe

630

Glu

Gly

Ala

Asn

Ser

Glu

Leu

Tyr

70

Asn

Thr

Ala

Arg

His

150

Met

Met

Lys

Leu

Gln

Asn

Ile

Ser

615

Ala

Ala

Ala

Ile

Pro

Lys

Met

Pro

55

Glu

Leu

Pro

Trp

Gly

135

Trp

Trp

Gly

Asn

Gly

Thr

Thr

Val

600

Phe

Gln

Ile

Lys

Asn
680

Asn

Asp

Ala

Gly

Gln

Lys

Gln

Arg

120

Gln

Val

Glu

Val

Ser

Pro

Ala

His

585

Lys

Ala

Gly

Tyr

Val

665

Glu

Gly

Leu

25

Ala

Asn

Val

Glu

Asn

105

Leu

Arg

Gln

Cys

Asp

185

Leu

Phe

Thr

570

Phe

Arg

Leu

Gly

Asn

650

Thr

Ile

any

Val

10

Val

Asn

Lys

Gln

Trp

Gln

Pro

Gly

Ala

Pro

170

Thr

Asp

Gly Leu Leu Val Leu

555

Tyr Phe

Cys Gln

Ile Val

Arg Ile

620
Arg Ala
635
Asn Ala

Ala Gln

Tyr Asp

Tyr

Asp

Gly

605

Leu

Ser

Arg

Ser

Pro
685

Val

Glu

590

His

Val

Ala

Val

Leu

670

Ala

Ser

575

Lys

Ser

Asp

Thr

Phe

655

Lys

Thr

naturally occurring

Ile Trp

Asn Trp

Ile Asn

Pro Ala

60

Val Leu
75

Phe Leu

Ile Asn

Asp Gly

Leu Ser
140

Lys His
155
Asp Phe

Ser Ile

Ile Thr

Gly

Val

Gly

Ile

Ala

Ala

Ala

Val

125

Leu

Pro

Phe

Ile

Lys

Pro

Pro

30

Ser

Leu

Tyr

Pro

Thr

110

Trp

Leu

Leu

Pro

Gly
190

His

Pro

15

Gln

Trp

Phe

Pro

Gln

95

Ser

Arg

Phe

Tyr

Val
175

Ser

Asp

Ala

560

Arg

Arg

Val

His

Ser

640

Val

Val

Ser

amino acid

Val

Pro

Ser

Thr

Lys

80

Asn

Phe

Leu

Arg

Ser

160

Tyr

His

Ile
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-continued

148

Tyr

Ile

225

Tyr

Leu

Gly

Leu

Arg

305

Gln

Ser

Trp

Gly

Glu

385

Lys

Pro

Ile

Glu

Pro

465

Gly

Lys

<210>
<211>
<212>
<213>

<400>

Met
1
His

Ala

Gly

Thr

210

Gly

Ala

Gly

Trp

Gly

290

Gln

Ile

Phe

Thr

Gly

370

Glu

Phe

Thr

Arg

Ser

450

Thr

Thr

Ala

Thr

Ala

Lys

Gly
50

195

Ile

Tyr

Ser

Trp

Ser

275

Lys

Lys

Glu

Lys

Ser

355

Leu

Tyr

Val

Asn

Glu

435

Phe

Leu

Ser

Asn

Gly

Met

Lys

Ala

260

Gly

Gln

Pro

Val

Ile

340

Pro

Gly

Thr

Val

Asp

420

Gly

Gly

Ala

Asn

Ile

500

PRT

SEQUENCE :

Asp

Asn

Thr

245

Asn

Ile

Leu

Val

Ser

325

Lys

Gln

Pro

Ala

Leu

405

Lys

Leu

Ala

Ile

Val

485

Ala

SEQ ID NO 27
LENGTH:
TYPE:
ORGANISM: Bifidobacterium

518

27

Tyr

Asp

230

Phe

Glu

His

Ile

Asn

310

Gly

Asp

Leu

Phe

Val

390

Met

Thr

Ser

Lys

Asn

470

Glu

Asp Phe Thr Pro

5

Ala Glu Leu Ala

20

Arg Asn Asn Arg

35

Trp Ile Asn Asp

Asn

215

Ser

Phe

Ser

Thr

Gln

295

Ile

Ile

Leu

Leu

Gly

375

Phe

Cys

Thr

Leu

Gly

455

Glu

Ile

Glu

Lys

Trp

Pro
55

200

Ile

Ser

Asp

Ser

Ile

280

Trp

Tyr

Thr

Lys

Cys

360

Leu

Phe

Ser

Tyr

Arg

440

Lys

Lys

Thr

Thr

Ala

Tyr

40

Asn

Lys

Leu

Asp

Ser

265

Pro

Pro

Arg

Ala

Asn

345

Ser

Leu

Arg

Asp

Gly

425

Val

Asn

Ala

Gly

Lys

Arg

Ala

250

Val

Arg

Ile

Lys

Ala

330

Val

Lys

Thr

Ile

Gln

410

Thr

Leu

Val

His

Leu
490

breve

Pro
Glu
25

Pro

Gly

Val

10

Ala

Lys

Leu

Asp

Tyr

235

Lys

Glu

Lys

Ala

Val

315

Gln

Glu

Lys

Leu

Phe

395

Ser

Phe

Ile

Ile

Leu

475

Thr

Leu

Gly

Tyr

Cys

Ala

220

Asp

Lys

Asp

Ile

Asn

300

Leu

Ala

Lys

Gly

Ala

380

Lys

Arg

Val

Asp

Thr

460

Tyr

Ala

Thr

Val

His

Phe
60

205

Tyr

Tyr

Glu

Asp

Trp

285

Ile

Lys

Asp

Phe

Ala

365

Ser

Ala

Ser

Asp

His

445

Ala

Val

Trp

Pro

Ala

Ile

45

Tyr

Thr

Gly

Arg

Ile

270

Leu

Glu

Gly

Val

Asp

350

Ser

Xaa

Tyr

Ser

Val

430

Ser

Arg

Phe

Ser

Ile
Glu
30

Ala

Lys

Pro

Lys

Ile

255

Lys

Asp

Lys

Gly

Glu

335

Ala

Val

Gly

Asp

Leu

415

Asn

Val

Val

Asn

Met
495

Arg
15
Met

Ser

Gly

Asp

Tyr

240

Leu

Lys

Lys

Leu

Ser

320

Ile

Ser

Lys

Leu

Asn

400

Asn

Pro

Val

Tyr

Arg

480

Lys

Asp

Ala

Asn

Arg
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-continued

150

Trp

Met

Glu

Phe

Tyr

Trp

145

Ala

Met

Phe

Gln

225

Pro

Ala

Ala

Glu

Gln

305

Pro

Leu

Thr

Asp

385

Thr

Tyr

Arg

Thr

Asp

465

Ser

His

His

Pro

Ser

Thr

130

Gln

Thr

His

Thr

Ser

210

His

Ile

Met

Gly

Thr

290

Ser

Phe

Thr

Ala

Gly

370

Ala

Ala

Thr

Gln

Asp
450

Arg

Ser

Val

Trp

Ile

Gly

115

Gly

Val

Lys

Tyr

Phe

195

Ser

Pro

Lys

Gly

Tyr

275

Glu

Phe

Val

Leu

Pro

355

Ser

Glu

Asp

Tyr

Ala
435
Ala

Gly

Tyr

Phe

Gly

Met

100

Ser

His

Gln

Gln

Arg

180

Gly

Lys

Asp

Asp

Ser

260

Met

Phe

Asn

Gln

Pro

340

Val

Ile

Ala

Arg

Val

420

Met

Glu

Ser

Ser

Tyr

His

85

Phe

Ala

Arg

Met

Gly

165

Asp

Val

Asp

Pro

Lys

245

Lys

Ile

Arg

Val

Pro

325

Arg

Ala

Thr

Val

Ala

405

Ala

Ala

Leu

Val

Tyr

Gln

70

Val

Ala

Val

Trp

Thr

150

Met

Pro

Ser

Met

Asp

230

Asp

Pro

Gly

Leu

Asp

310

Ile

Glu

Glu

Leu

Glu

390

Gly

Tyr

Asn

Ala

Glu
470

Ala

Leu

Ser

Pro

Ile

Ala

135

Ala

Ile

Lys

Ser

Val

215

Val

Gly

Ser

Thr

Trp

295

Gly

Pro

Ile

Met

Asp

375

Ile

Leu

Asp

Gly

Ser
455

Val

Ser

His

Ser

Ser

Asp

120

Asn

Leu

Ile

Val

Glu

200

Arg

Phe

Asn

Gly

Trp

280

Asp

Arg

Met

Thr

Glu

360

Met

Glu

Lys

Asp

Asp

440

Gly

Tyr

Glu

Pro

Thr

Leu

105

Asp

Gly

Pro

Asp

Trp

185

Asp

Trp

Met

Glu

Phe

265

Glu

Cys

Gln

Glu

Leu

345

Gly

Asp

Met

Ile

Gln

425

His

Lys

Val

Gly

Tyr

Asp

90

Glu

Asn

His

Asp

Cys

170

Lys

Lys

Glu

Leu

Lys

250

Met

Pro

Gly

Ile

Asp

330

Asp

Leu

Gly

Thr

His

410

Ile

Gly

Leu

Asn

Pro

Gly

Met

Gln

Gly

Asp

Asn

155

Pro

Thr

Arg

Tyr

Glu

235

Trp

Asn

Gly

His

Val

315

Asp

Asp

Arg

Glu

Ile

395

Ala

Gly

Tyr

Asp

Gly

475

Arg

Thr

Leu

Glu

Asp

Asn

140

Asp

Thr

Gly

Gly

Glu

220

Cys

Val

Arg

Gly

Asn

300

Tyr

Gly

Asp

Glu

Gln

380

Asp

Thr

Arg

Arg

Leu
460

Gly

Ala

Gln Trp Gly

Asn

Lys

Leu

125

Thr

Glu

Asp

Asp

Gln

205

Arg

Pro

Ile

Asn

Glu

285

Tyr

Gly

Trp

Gly

Asp

365

Val

Leu

Glu

Val

Ala
445
Arg

His

Ile

Trp

Asp

110

Arg

Gly

Leu

Lys

Thr

190

Met

Val

Asp

Gly

Val

270

Phe

Tyr

Trp

Cys

Asp

350

Thr

Ile

Ala

Asp

Val

430

Ala

Val

Gln

Lys

Lys

95

Gly

Phe

Gly

Thr

Val

175

Trp

Trp

Leu

Phe

Phe

255

Asn

Lys

Ala

Met

Gly

335

Val

Leu

Ala

Ala

Gly

415

Val

Pro

Phe

Val

Leu

Pro

80

Arg

Val

Tyr

Asp

Ser

160

Asp

Tyr

Leu

Phe

Phe

240

Ser

Asn

Pro

Pro

Ser

320

Gln

Val

Asp

Asp

Ser

400

Ala

Asp

Leu

Val

Leu
480

Val
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-continued

152

485

490

495

Ala Glu Phe Gly Asn Leu Lys Val Glu Ser Leu Lys Leu His His Met

500

Lys Ser Ile Gly Leu Glu

515

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Saccharomyces cerevisiae

PRT

<400> SEQUENCE:

Met

1

Ile

Phe

Asp

Asp

65

Asp

Asn

Thr

Ala

Tyr

145

Tyr

Tyr

Glu

Pro

225

Trp

Phe

Phe

Leu

Ile

305

Pro

Leu

Ser

Thr

Glu

50

Thr

Leu

Asp

Ser

Ile

130

Ser

Leu

Glu

Lys

Ser

210

Gly

Val

Asn

Asp

Gln

290

Ala

Trp

Leu

Ala

Pro

35

Lys

Val

Thr

Ser

Gly

115

Trp

Leu

Ala

Pro

Ile

195

Ala

Leu

Met

Gln

Asn

275

Thr

Trp

Arg

Gln

Ser

20

Asn

Asp

Trp

Asn

Gly

100

Phe

Thr

Asp

Ala

Ser

180

Glu

Phe

Ile

Phe

Tyr

260

Gln

Phe

Ala

Ser

532

28

Ala

Met

Lys

Ala

Gly

Trp

85

Ala

Phe

Tyr

Gly

Asn

165

Gln

Ile

Ala

Glu

Ile

245

Phe

Ser

Phe

Ser

Ser
325

Phe

Thr

Gly

Lys

Thr

70

Glu

Phe

Asn

Asn

Gly

150

Ser

Lys

Tyr

Asn

Val

230

Ser

Val

Arg

Asn

Asn

310

Met

Leu

Asn

Trp

Trp

55

Pro

Asp

Ser

Asp

Thr

135

Tyr

Thr

Trp

Ser

Glu

215

Pro

Ile

Gly

Val

Thr
295

Trp

Ser

Phe

Glu

Met

40

His

Leu

Gln

Gly

Thr

120

Pro

Thr

Gln

Ile

Ser

200

Gly

Thr

Asn

Ser

Val
280
Asp

Glu

Leu

505

Leu

Thr

25

Asn

Leu

Phe

Pro

Ser

105

Ile

Glu

Phe

Phe

Met

185

Asp

Phe

Glu

Pro

Phe

265

Asp

Pro

Tyr

Val

Leu

10

Ser

Asp

Tyr

Trp

Ile

90

Met

Asp

Ser

Thr

Arg

170

Thr

Asp

Leu

Gln

Gly

250

Asn

Phe

Thr

Ser

Arg
330

Ala

Asp

Pro

Phe

Gly

75

Ala

Val

Pro

Glu

Glu

155

Asp

Ala

Leu

Gly

Asp

235

Ala

Gly

Gly

Tyr

Ala
315

Lys

Gly

Arg

Asn

Gln

60

His

Ile

Val

Arg

Glu

140

Tyr

Pro

Ala

Lys

Tyr

220

Pro

Pro

Thr

Lys

Gly

300

Phe

Phe

Phe

Pro

Gly

45

Tyr

Ala

Ala

Asp

Gln

125

Gln

Gln

Lys

Lys

Ser

205

Gln

Ser

Ala

His

Asp

285

Ser

Val

Ser

510

Ala

Leu

30

Leu

Asn

Thr

Pro

Tyr

110

Arg

Tyr

Lys

Val

Ser

190

Trp

Tyr

Lys

Gly

Phe

270

Tyr

Ala

Pro

Leu

Ala

15

Val

Trp

Pro

Ser

Lys

95

Asn

Cys

Ile

Asn

Phe

175

Gln

Lys

Glu

Ser

Gly

255

Glu

Tyr

Leu

Thr

Asn
335

Lys

His

Tyr

Asn

Asp

80

Arg

Asn

Val

Ser

Pro

160

Trp

Asp

Leu

Cys

Tyr

240

Ser

Ala

Ala

Gly

Asn

320

Thr
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154

Glu

Pro

Asn

Ser

385

Gln

Gly

Ala

Lys

Phe

465

Asp

Thr

Met

Arg

Tyr

Ile

Thr

370

Thr

Thr

Leu

Ser

Glu

450

Lys

Gln

Asn

Thr

Glu
530

Gln

Leu

355

Thr

Gly

Ile

Glu

Ser

435

Asn

Ser

Asn

Thr

Thr

515

Val

Ala

340

Asn

Leu

Thr

Ser

Asp

420

Phe

Pro

Glu

Ile

Tyr

500

Gly

Lys

Asn

Ile

Thr

Leu

Lys

405

Pro

Phe

Tyr

Asn

Leu

485

Phe

Val

<210> SEQ ID NO 29

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Zymomonas mobilis

PRT

<400> SEQUENCE:

Met
1

Lys

Phe

Pro
65

Asp

Leu

Asp

His
145

Glu

Lys

Val

Phe

50

Val

His

Arg

Thr

Ala

130

Phe

Ala

Ser

Ala

Thr

35

Lys

Trp

Trp

Asp

Leu

115

Ile

Gln

His

Pro

Gly

20

Pro

Gly

Gly

Glu

Gly

100

Ile

Arg

Lys

Phe

512

29

Ser

Lys

Leu

Glu

Pro

Thr

85

Cys

Tyr

Glu

Glu

Arg
165

Pro

Ser

Lys

Glu

390

Ser

Glu

Leu

Phe

Asp

470

Glu

Met

Asp

Tyr

Arg

Thr

Tyr

Met

70

Leu

Phe

Thr

Val

Gly
150

Asp

Glu

Asn

Ala

375

Phe

Val

Glu

Asp

Thr

455

Leu

Leu

Thr

Asn

Lys

Leu

Gly

His

55

His

Pro

Ser

Gly

Gln

135

Ile

Pro

Thr

Ala

360

Asn

Glu

Phe

Tyr

Arg

440

Asn

Ser

Tyr

Thr

Leu
520

Asn

Leu

Trp

40

Leu

Trp

Val

Gly

His

120

Cys

Val

Arg

Glu

345

Gly

Ser

Leu

Ala

Leu

425

Gly

Arg

Tyr

Phe

Gly

505

Phe

Leu

Ser

25

Met

Phe

Gly

Ala

Cys

105

Ile

Met

Leu

Val

Leu

Pro

Tyr

Val

Asp

410

Arg

Asn

Met

Tyr

Asn

490

Asn

Tyr

Ile

Ser

Asn

Tyr

His

Leu

90

Ala

Val

Ala

Glu

Trp
170

Ile

Trp

Asn

Tyr

395

Leu

Met

Ser

Ser

Lys

475

Asp

Ala

Ile

Lys

Glu

Asp

Gln

Ala

75

Ala

Val

Leu

Thr

Lys
155

Lys

Asn

Ser

Val

380

Ala

Ser

Gly

Lys

Val

460

Val

Gly

Leu

Asp

Ala

Trp

Pro

Tyr

60

Lys

Pro

Asp

Ser

Ser

140

Ala

Glu

Leu

Arg

365

Asp

Val

Leu

Phe

Val

445

Asn

Tyr

Asp

Gly

Lys
525

Glu

Tyr

Asn

45

Tyr

Ser

Gly

Asn

Asn

125

Ile

Pro

Asn

Lys

350

Phe

Leu

Asn

Trp

Glu

430

Lys

Asn

Gly

Val

Ser

510

Phe

Asp

Pro

30

Gly

Pro

Arg

Asp

Asn

110

Asp

Asp

Met

Asp

Ala

Ala

Ser

Thr

Phe

415

Val

Phe

Gln

Leu

Val

495

Val

Gln

Ala

Gly

Leu

Phe

Asp

Leu

95

Gly

Ser

Gly

Pro

His
175

Glu

Thr

Asn

Thr

400

Lys

Ser

Val

Pro

Leu

480

Ser

Asn

Val

Gln

Phe

Ile

Ala

Leu

80

Phe

Val

Pro

Ile

Gln
160

Trp
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156

Phe

Gly

Ala

225

Arg

Gln

Phe

Ile

305

Gly

Asn

Ser

Phe

Glu

385

Lys

Ile

Cys

Arg

Tyr

465

Arg

Trp

<210>
<211>
<212>
<213>
<220>
<223>

Met

His

Lys

210

Phe

Leu

Asn

Phe

Tyr

290

Ala

Trp

Lys

Glu

Thr

370

Lys

Gly

Leu

Pro

Ser

450

Ser

Leu

Thr

Val

Val

195

Thr

Met

Met

Leu

Thr

275

Ala

Trp

Ala

Ile

Lys

355

Met

Ser

Gln

Asp

Leu

435

Ser

Ile

Phe

Leu

Val

180

Ala

Leu

Trp

Phe

Phe

260

Pro

Ala

Phe

Gly

Val

340

Ile

Asp

Ser

Glu

Arg

420

Pro

Ile

Ser

Ala

Gln
500

<400> SEQUENCE:

getetteggyg tttgetcace cgcgaggteyg acgcccagca tggctatcaa gacgaacagg

cagcectgtgg agaagectee gttcacgate gggacgetge gecaaggecat ccccgegeac

tgtttegage gecteggeget tegtagecage atgtacctgg cetttgacat cgeggtcatg

Gly

Leu

Leu

Glu

Ser

245

Gln

Glu

Gln

Asp

Cys

325

Met

Glu

Ser

Ala

Thr

405

Asn

Asn

Glu

Ser

Ile

485

Asp

SEQ ID NO 30
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1092

30

Tyr

Tyr

Gly

Cys

230

Pro

Asn

Thr

Arg

Met

310

Met

Thr

Ser

Pro

Tyr

390

Leu

Arg

Thr

Ile

Arg

470

Glu

Ala

Arg

Arg

Asp

215

Pro

Gln

Gly

Ser

Phe

295

Trp

Thr

Pro

Val

Leu

375

Gln

Leu

Ser

Ser

Phe

455

Ile

Gly

Asn

Thr

Ser

200

Asn

Asp

Gly

Tyr

Phe

280

Glu

Glu

Leu

Val

Val

360

Gln

Ala

Tyr

Gly

Lys

440

Val

Phe

Tyr

Leu

Asp

185

Glu

Ser

Phe

Leu

Ile

265

Gln

Ala

Asn

Pro

Arg

345

Thr

Glu

Gly

Ile

Gln

425

Val

Gly

Pro

Ala

Ala
505

Asp

Asn

Gln

Phe

Lys

250

Leu

Glu

Lys

Gln

Arg

330

Glu

Leu

Ile

Leu

Asp

410

Asn

Arg

Asp

Asp

Val

490

Ala

Glu

Leu

Leu

Ser

235

Ala

Gly

Leu

Asp

Lys

315

Lys

Met

Ser

Glu

Ala

395

Arg

Val

Leu

Asp

Lys

475

Phe

Phe

Lys

Lys

Pro

220

Leu

Ser

Lys

Asp

Gly

300

Pro

Leu

Glu

Asp

Leu

380

Leu

Ser

Lys

His

Gln

460

Asp

Asp

Ser

synthetic construct

His

Asp

205

Leu

Gly

Gly

Trp

Tyr

285

Arg

Ser

Asp

Ile

Ala

365

Ile

Arg

Gln

Gly

Ile

445

Thr

Ser

Ser

Ser

Gln

190

Trp

Gly

Asn

Tyr

Gln

270

Gly

Gln

Gln

Leu

Leu

350

Glu

Phe

Cys

Asn

Ile

430

Phe

Gln

Leu

Phe

Asp
510

Gly

Ile

Lys

Arg

Lys

255

Ala

His

Ile

Arg

Ile

335

Arg

His

Asp

Asn

Arg

415

Arg

Leu

Gly

Lys

Lys

495

Ala

Ile

Phe

Arg

Ser

240

Asn

Pro

Asp

Leu

Asp

320

Asp

Gln

Pro

Leu

Gly

400

Ile

Ser

Asp

Leu

Gly

480

Arg

Cys
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-continued
tcectgetet acgtegegte gacgtacatce gaccctgege cggtgectac gtgggtcaag 240
tatggegtca tgtggecget ctactggtte ttecaggtgt gtgtgagggt tgtggttgee 300
cgtatcgagg tcctggtgge gegcatgggg gagaaggcge ctgtcecceget gacccececccg 360
gctaccctee cggcacctte cagggegect teggcacggg tgtcetgggtyg tgegegcacy 420
agtgcggeca ccaggecttt tectccagee aggecatcaa cgacggegtyg ggectggtgt 480
tccacagect getgetggtg cectactact cectggaagea ctegcaccge cgccaccact 540
ccaacacggg gtgcctggac aaggacgagg tgtttgtgec gecgcaccge gcagtggege 600
acgagggcct ggagtgggag gagtggetge ccatccgeat gggcaaggtyg ctggtcacce 660
tgaccectggg ctggecgetg tacctcatgt tcaacgtege ctegeggecyg taccegeget 720
tcgecaacca ctttgacceg tggtcgecca tcettcagcaa gegegaggta ccctttettg 780
cgctatgaca cttcecagcaa aaggtagggce gggcetgcgag acggcettece ggegetgcat 840
gcaacaccga tgatgetteg acceccccgaa getecttegg ggctgcatgg gegetccgat 900
geegetecayg ggegageget gtttaaatag ccaggcccce gattgcaaag acattatage 960
gagctaccaa agccatattc aaacacctag atcactacca cttctacaca ggccactcga 1020
gcttgtgate gcactcecgcet aagggggcgce ctcttectet tegtttcagt cacaacccge 1080
aaacggcgceg cc 1092
<210> SEQ ID NO 31
<211> LENGTH: 1400
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 31
caattggcag cagcagctcg gatagtatcg acacactctyg gacgetggte gtgtgatgga 60
ctgttgcege cacacttgct gecttgacct gtgaatatcee ctgecgettt tatcaaacag 120
cctcagtgtg tttgatcttg tgtgtacgcg cttttgcgag ttgctagctg cttgtgctat 180
ttgcgaatac cacccccage atccccttece ctegtttecat atcgettgea tcccaaccge 240
aacttatcta cgctgtectg ctatcectca gegetgetee tgcetectget cactgeccct 300
cgcacagect tggtttggge tccgectgta ttetectggt actgcaacct gtaaaccage 360
actgcaatgce tgatgcacgg gaagtagtgg gatgggaaca caaatggagce atcgaggtgg 420
tcatctccega cctegegttyg gtggeggtge tcageggget cagegtgetyg ggcecgcacca 480
tgggctggge ctggetggtce aagacctacg tggtgccecta catgatcgtyg aacatgtgge 540
tggtgctcat cacgctgctce cagcacacge acccggccect gecgcactac ttcgagaagg 600
actgggactg gctacgegge gecatggeca cegtcegaceg ctecatggge ccgeccttca 660
tggacagcat cctgcaccac atctccgaca cccacgtget gcaccaccte ttcagcacca 720
tceegeacta ccacgecgag gaggcecteceg cegecateeg geccatcectyg ggcaagtact 780
accaatccga cagccgetgg gteggecgeg cectgtggga ggactggege gactgecget 840
acgtegtece cgacgegece gaggacgact cegegetetyg gttecacaag tgagegegece 900
tgcgegagga cgcagaacaa cgctgecgece gtgtettttyg cacgegcegac tcecggegett 960
cgectggtgge acccccataa agaaaccctce aattctgttt gtggaagaca cggtgtaccce 1020
ccacccaccce acctgcacct ctattattgg tattattgac gecgggagtgg gegttgtacce 1080
ctacaacgta gcttctctag ttttcagctg gctcecccacca ttgtaaagag cctctagagt 1140



US 9,066,527 B2
159 160

-continued

cgacctgcag gcatgcaagce ttggcgtaat catggtcata gectgtttcect gtgtgaaatt 1200
gttatccget cacaattcca cacaacatac gagccggaag cataaagtgt aaagcctggg 1260
gtgcctaatg agtgagctaa ctcacattaa ttgcgttgeg ctcactgeccce gctttcecagt 1320
cgggaaacct gtcgtgccag ctgcattaat gaatcggcca acgcgcgggg agaggcggtt 1380
tgcgtattgg gecgctettece 1400
<210> SEQ ID NO 32

<211> LENGTH: 4091

<212> TYPE: DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 32

getetteggyg tttgetcace cgcgaggteyg acgcccagca tggctatcaa gacgaacagg 60
cagcectgtgg agaagectee gttcacgate gggacgetge gecaaggecat ccccgegeac 120
tgtttegage gecteggeget tegtagecage atgtacctgg cetttgacat cgeggtcatg 180
tcecectgetet acgtegegte gacgtacate gaccetgege cggtgectac gtgggtcaag 240
tatggcegtca tgtggecget ctactggtte ttecaggtgt gtgtgagggt tgtggttgece 300
cgtatcegagyg tectggtgge gegecatgggg gagaaggege ctgtcecget gaccceccceceg 360
getaccectee cggcacctte cagggegect teggcacggg tgtetgggtyg tgegegeacy 420
agtgcggeca ccaggecttt tectecagee aggecatcaa cgacggegtyg ggectggtgt 480
tccacagect getgetggtg cectactact cctggaagea ctegcacege cgecaccact 540
ccaacacggyg gtgcctggac aaggacgagg tgtttgtgec gecgcacege gcagtggege 600

acgagggcct ggagtgggag gagtggetge ccatccgeat gggcaaggtyg ctggtcacce 660

tgaccectggyg ctggecgetyg taccteatgt tcaacgtege ctegeggecg taccegeget 720
tcgccaacca ctttgacceg tggtegecca tcttecagcaa gegegaggta ccectttettg 780
cgctatgaca cttccagecaa aaggtaggge gggctgegag acggcettece ggegetgeat 840
gcaacaccga tgatgctteg acccceccgaa gctecttegg ggetgecatgg gegetcecegat 900
gecgetecag ggegageget gtttaaatag ccaggcccee gattgcaaag acattatage 960

gagctaccaa agccatattc aaacacctag atcactacca cttctacaca ggccactcga 1020
gcttgtgate gcactcecgcet aagggggcgce ctcttectet tegtttcagt cacaacccge 1080
aaacggcgceg ccatgctget gcaggcectte ctgttectge tggceccggcett cgccgccaag 1140
atcagcgect ccatgacgaa cgagacgtcce gaccgcccee tggtgcactt cacccccaac 1200
aagggctgga tgaacgaccc caacggectyg tggtacgacyg agaaggacgce caagtggcac 1260
ctgtacttcce agtacaaccc gaacgacacce gtctggggga cgcccttgtt ctggggccac 1320
gecacgteeyg acgacctgac caactgggag gaccagecca tegccatcge cecgaagege 1380
aacgactcecg gegcecttete cggctcecatg gtggtggact acaacaacac ctceccggette 1440
ttcaacgaca ccatcgacce gecgccagege tgegtggeca tcetggaccta caacaccccg 1500
gagtccgagg agcagtacat ctecctacage ctggacggeg gctacacctt caccgagtac 1560
cagaagaacc ccgtgetgge cgccaactcece acccagttece gegacccgaa ggtcttetgg 1620
tacgagccct cccagaagtg gatcatgacce geggccaagt cccaggacta caagatcgag 1680
atctactecct ccgacgacct gaagtcectgg aagetggagt ccgcegttcege caacgagggce 1740
ttectegget accagtacga gtgcceegge ctgatcgagyg tecccaccga gcaggaccce 1800

agcaagtcct actgggtgat gttcatctce atcaaccccg gecgccceccgge cggcggctcece 1860
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ttcaaccagt acttcgtegg cagcttcaac ggcacccact tcgaggcectt cgacaaccag 1920
tceegegtgg tggacttegg caaggactac tacgccctge agaccttctt caacaccgac 1980
ccgacctacg ggagcgcect gggcatcgceg tgggcctceca actgggagta cteccgectte 2040
gtgcccacca acccectggceg ctectceccatg teccctegtge gcaagttcectce cctceaacacce 2100
gagtaccagyg ccaacccgga gacggagetg atcaacctga aggccgagec gatcctgaac 2160
atcagcaacg ccggecectyg gagccggtte gecaccaaca ccacgttgac gaaggccaac 2220
agctacaacg tcgacctgtce caacagcacc ggcaccctgg agttcgaget ggtgtacgcece 2280
gtcaacacca cccagacgat ctccaagtcce gtgttegcegg acctctecect ctggttcaag 2340
ggcctggagg accccgagga gtacctcecge atgggcectteg aggtgtccgce gtectcectte 2400
ttectggace gecgggaacag caaggtgaag ttegtgaagg agaaccccta cttcaccaac 2460
cgcatgageg tgaacaacca geccttcaag agcgagaacyg acctgtccta ctacaaggtg 2520
tacggcttge tggaccagaa catcctggag ctgtacttca acgacggcga cgtcgtgtcece 2580
accaacacct acttcatgac caccgggaac geectggget cegtgaacat gacgacgggg 2640
gtggacaacc tgttctacat cgacaagttc caggtgcgcg aggtcaagtg acaattggca 2700
gcagcagcte ggatagtatc gacacactct ggacgctggt cgtgtgatgg actgttgecyg 2760
ccacacttgce tgccttgacc tgtgaatatc cctgccgett ttatcaaaca gectcagtgt 2820
gtttgatctt gtgtgtacgc gcttttgcga gttgctaget gettgtgecta tttgcgaata 2880
ccacccececag catceccectte cctegtttca tatcgcecttge atcccaaccg caacttatcet 2940
acgctgtect getatcecte agegetgcete ctgcectectge tcactgceccece tegcacagcece 3000
ttggtttggg ctccecgectgt attctectgg tactgcaacce tgtaaaccag cactgcaatg 3060
ctgatgcacg ggaagtagtyg ggatgggaac acaaatggag catcgaggtg gtcatctccg 3120
acctecgegtt ggtggcggtyg ctcageggge tcagegtget gggccgcacce atgggcetggg 3180
cctggetggt caagacctac gtggtgccct acatgatcegt gaacatgtgg ctggtgctca 3240
tcacgetget ccagcacacg cacccggecce tgecgcacta cttegagaag gactgggact 3300
ggctacgegyg cgecatggee accgtcgace getccatggg cecgecctte atggacagea 3360
tcetgcacca catctccgac acccacgtge tgcaccacct cttcagcacce atcccgcact 3420
accacgccga ggaggectce gecgcecatcee ggeccatcect gggcaagtac taccaatccg 3480
acagccgetyg ggteggecge geectgtggg aggactggeyg cgactgecege tacgtegtcece 3540
ccgacgegee cgaggacgac tccgegetet ggttccacaa gtgagcegege ctgegegagg 3600
acgcagaaca acgctgccge cgtgtcetttt gcacgcgega ctceccecggeget tegetggtgg 3660
cacccccata aagaaaccct caattcectgtt tgtggaagac acggtgtacce cccacccacce 3720
cacctgcacc tctattattg gtattattga cgcgggagtg ggcgttgtac cctacaacgt 3780
agcttctecta gttttcaget ggctceccace attgtaaaga gecctctagag tcgacctgca 3840
ggcatgcaag cttggcgtaa tcatggtcat agctgtttec tgtgtgaaat tgttatccge 3900
tcacaattcc acacaacata cgagccggaa gcataaagtg taaagcctgg ggtgcectaat 3960
gagtgagcta actcacatta attgcgttgce gctcactgec cgcttteccag tcgggaaacce 4020
tgtcgtgecca gectgcattaa tgaatcggce aacgcgeggg gagaggcggt ttgcgtattg 4080

ggcgcetcette ¢ 4091

<210> SEQ ID NO 33



US 9,066,527 B2
163 164

-continued
<211> LENGTH: 510
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 33
getetteege ctggagetgg tgcagagcat gggtcagttt geggaggaga gggtgctecce 60
cgtgetgcac ccegtggaca agetgtggeca gecgcaggac ttectgeeeyg accecgagte 120
geeegactte gaggaccagg tggeggaget gegegegege gecaaggace tgeccgacga 180
gtactttgtyg gtgctggtgg gegacatgat cacggaggag gegctgecga cctacatgge 240
catgctcaac accttggacg gtgtgegega cgacacggge geggetgace accegtggge 300

gegetggacyg cggcagtggg tggecgagga gaaccggcac ggcgacctge tgaacaagta 360

ctgttggetyg acggggegeg tcaacatgeg ggccgtggag gtgaccatca acaacctgat 420
caagagcgge atgaacccgce agacggacaa caacccttac ttgggcetteg tctacaccte 480
cttccaggag cgcgccacca agtaggtacce 510

<210> SEQ ID NO 34

<211> LENGTH: 1186

<212> TYPE: DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 34

caattggcag cagcagctcg gatagtatcg acacactctyg gacgetggte gtgtgatgga 60
ctgttgcege cacacttgct gecttgacct gtgaatatcee ctgecgettt tatcaaacag 120
cctcagtgtg tttgatcttg tgtgtacgcg cttttgcgag ttgctagctg cttgtgctat 180
ttgcgaatac cacccccage atccccttece ctegtttecat atcgettgea tcccaaccge 240
aacttatcta cgctgtectg ctatcectca gegetgetee tgcetectget cactgeccct 300
cgcacagect tggtttggge tccgectgta ttetectggt actgcaacct gtaaaccage 360
actgcaatgc tgatgcacgg gaagtagtgg gatgggaaca caaatggaag gatcgtagag 420
cteccagecac ggcaacaccg cgcgectgge ggecgagcac ggcgacaagyg gcectgagcaa 480
gatctgeggyg ctgatcgceca gcgacgaggg ccggcacgag atcgcectaca cgegcategt 540
ggacgagtte ttcecgecteg accecgaggg cgccegtegee gectacgeca acatgatgeg 600
caagcagatc accatgcccg cgcacctcat ggacgacatyg ggccacggeyg aggccaacce 660
gggecgcaac ctettegeeg actteteege cgtegecgag aagatcgacg tctacgacge 720
cgaggactac tgccgcatcce tggagcacct caacgcgege tggaaggtgyg acgagegcca 780
ggtcagegge caggccgcecg cggaccagga gtacgttcetg ggectgecce agegettecg 840
gaaactcgece gagaagaccg ccgcecaagceg caagcegegte gegegcaggce cegtegectt 900
ctectggaga gaagagectce tagagtcgac ctgcaggcat gcaagettgyg cgtaatcatg 960

gtcatagctg tttecctgtgt gaaattgtta tccgctcaca attccacaca acatacgagce 1020
cggaagcata aagtgtaaag cctggggtgc ctaatgagtg agctaactca cattaattgc 1080
gttgcgctceca ctgccecgett tcecagteggg aaacctgteg tgccagectgce attaatgaat 1140
cggccaacgce gcggggagag gceggtttgeg tattgggege tcttece 1186
<210> SEQ ID NO 35

<211> LENGTH: 3615

<212> TYPE: DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 35
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gctettecge ctggagetgg tgcagagcat gggtcagttt geggaggaga gggtgctccc 60
cgtgctgcac ccecgtggaca agctgtggca gccgcaggac ttcectgecceg accccgagtce 120
gccecgactte gaggaccagg tggcggagcet gegcegegege gccaaggacc tgcccgacga 180
gtactttgtg gtgctggtgg gcgacatgat cacggaggag gcgctgccga cctacatgge 240
catgctcaac accttggacg gtgtgcgcga cgacacggge gceggctgacce accegtgggce 300

gegetggacyg cggcagtggg tggecgagga gaaccggcac ggcgacctge tgaacaagta 360

ctgttggetyg acggggegeg tcaacatgeg ggecgtggag gtgaccatca acaacctgat 420
caagagcgge atgaacccge agacggacaa caacccttac ttgggetteg tctacaccte 480
cttecaggag cgcgecacca agtaggtace ctttettgeg ctatgacact tccagcaaaa 540
ggtagggegyg gctgegagac ggcttecegyg cgctgcatge aacaccgatyg atgettegac 600
ccecccgaage tecttegggg ctgcatggge getcegatge cgetccaggg cgagegetgt 660
ttaaatagcc aggcccccga ttgcaaagac attatagcga getaccaaag ccatattcaa 720
acacctagat cactaccact tctacacagg ccactcgage ttgtgatege actccegctaa 780
gggggegect cttectette gtttcagtca caacccgcaa acggegegece atgetgetge 840
aggccttect gttectgetg gecggetteg cegecaagat cagegectcee atgacgaacg 900
agacgtccga ccgeccectg gtgeactteca cccccaacaa gggetggatg aacgacccca 960

acggectgtyg gtacgacgag aaggacgcca agtggcacct gtacttccag tacaacccga 1020
acgacaccgt ctgggggacg cccttgttet ggggccacge cacgtccgac gacctgacca 1080
actgggagga ccagcccatc gecatcgece cgaagcgcaa cgactccegge gecttetecg 1140
gctecatggt ggtggactac aacaacacct ccggcttctt caacgacacc atcgacccgce 1200
gecagegetyg cgtggecate tggacctaca acacccecgga gtccgaggag cagtacatcet 1260
cctacagect ggacggegge tacaccttca cecgagtacca gaagaacccee gtgctggecg 1320
ccaactccac ccagttcecge gacccgaagg tcttectggta cgagccecctece cagaagtgga 1380
tcatgaccgce ggccaagtcecc caggactaca agatcgagat ctactcctcece gacgacctga 1440
agtcctggaa gectggagtece gegttcegcecca acgagggcett cctceggctac cagtacgagt 1500
geeccggect gatcgaggte cccaccgage aggaccccag caagtcectac tgggtgatgt 1560
tcatctceccat caaccccecgge geccceggcecg gcggctectt caaccagtac ttegtceggcea 1620
gcttcaacgg cacccactte gaggcctteg acaaccagte ccgegtggtg gacttcecggca 1680
aggactacta cgccctgcag accttcettca acaccgacce gacctacggyg agcgecctgg 1740
gcatcgegtyg ggccteccaac tgggagtact ccgcecttegt geccaccaac ccectggeget 1800
cctccatgte cctegtgege aagttcectcecce tcaacaccga gtaccaggcece aacccggaga 1860
cggagetgat caacctgaag gccgagecga tectgaacat cagcaacgece ggceccectgga 1920
geeggttege caccaacacce acgttgacga aggccaacag ctacaacgtc gacctgteca 1980
acagcaccgg caccctggag ttcgagetgg tgtacgcegt caacaccacce cagacgatct 2040
ccaagtcegt gttcgcggac ctetcecectet ggttcaaggg cctggaggac cccgaggagt 2100
acctcegecat gggcttcgag gtgtceccegegt cctecttett cectggaccge gggaacagca 2160
aggtgaagtt cgtgaaggag aacccctact tcaccaaccyg catgagcegtyg aacaaccagce 2220
ccttcaagag cgagaacgac ctgtcctact acaaggtgta cggcttgctg gaccagaaca 2280

tcetggaget gtacttcaac gacggcgacg tcgtgtecac caacacctac ttcatgacca 2340
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ccgggaacgce cctgggctece gtgaacatga cgacgggggdt ggacaacctg ttctacatcg 2400
acaagttcca ggtgcgcgag gtcaagtgac aattggcagce agcagctcgg atagtatcga 2460
cacactctgg acgctggtceg tgtgatggac tgttgccgece acacttgctg ccttgacctg 2520
tgaatatccce tgccgctttt atcaaacagce ctcagtgtgt ttgatcttgt gtgtacgegce 2580
ttttgcgagt tgctagctge ttgtgctatt tgcgaatacc acccccagca tceccccttece 2640
tcgtttecata tcgcttgcat cccaaccgca acttatctac getgtectge tatccectcag 2700
cgectgetect getcectgete actgcececcte gcacagectt ggtttggget cegectgtat 2760
tctectggta ctgcaacctyg taaaccagca ctgcaatgcet gatgcacggg aagtagtggg 2820
atgggaacac aaatggaagg atcgtagagce tccagccacyg gcaacaccge gcgectggeg 2880
geegagcacy gcgacaaggg cctgagcaag atctgeggge tgatcgecag cgacgaggge 2940
cggcacgaga tcgectacac gegcategtg gacgagttet tecgectega ccccgaggge 3000
geegtegeeyg cctacgccaa catgatgcege aagcagatca ccatgeccge gcacctcatg 3060
gacgacatgyg gccacggcga ggccaaccceg ggccgcaacce tcettegecga cttetecgee 3120
gtegecgaga agatcgacgt ctacgacgcce gaggactact gecgcatcct ggagcaccte 3180
aacgcgeget ggaaggtgga cgagcgecag gtcagceggece aggecgcecge ggaccaggag 3240
tacgttctgg gcctgeccca gegettecgg aaactcegecyg agaagaccge cgccaagcege 3300
aagcgegteg cgcgcaggcece cgtcegectte tectggagag aagagcectcet agagtcgace 3360
tgcaggcatg caagcttggc gtaatcatgg tcatagetgt ttcctgtgtg aaattgttat 3420
ccgetcacaa ttccacacaa catacgagcec ggaagcataa agtgtaaage ctggggtgece 3480
taatgagtga gctaactcac attaattgcg ttgcgctcac tgcccgcecttt ccagtcecggga 3540
aacctgtegt geccagctgca ttaatgaatc ggccaacgceg cggggagagg cggtttgegt 3600
attgggcget cttece 3615
<210> SEQ ID NO 36
<211> LENGTH: 511
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 36
getetteceyg cectggagetyg gtgcagagca tggggcagtt tgcggaggag agggtgctec 60
cegtgetgea cccegtggac aagcetgtgge agecgcagga cttectgece gacccecgagt 120
cgecegactt cgaggaccag gtggcggage tgegegegeg cgcecaaggac ctgceccgacyg 180
agtactttgt ggtgetggtg ggcgacatga tcacggagga ggcgctgecyg acctacatgg 240
ccatgetcaa caccttggac ggtgtgegeg acgacacggg cgceggctgac caccegtggg 300
cgegetggac geggcagtgg gtggccgagg agaaccggcea cggcgacctyg ctgaacaagt 360
actgttgget gacggggcege gtcaacatge gggecgtgga ggtgaccatc aacaacctga 420
tcaagagcgg catgaacccg cagacggaca acaaccctta cttgggette gtctacacct 480
cctteccagga gcgcgccacce aagtaggtac ¢ 511
<210> SEQ ID NO 37
<211> LENGTH: 761
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 37
cagccacgge aacaccgcge gecttgegge cgagcacgge gacaagaacce tgagcaagat 60
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ctgegggetyg atcgecageg acgagggecg geacgagate gectacacge gcatcegtgga 120
cgagttette cgcctegace ccgagggege cgtegecgece tacgccaaca tgatgegcaa 180
gcagatcacce atgcccgege acctcatgga cgacatggge cacggcegagg ccaacccggyg 240
ccgcaaccte ttcegecgact tcectcecgeggt cgecgagaag atcgacgtet acgacgecga 300
ggactactge cgcatcctgg agcacctcaa cgcegegetgg aaggtggacg agegecaggt 360
cagcggecag gccgecgegg accaggagta cgtectggge ctgecccage gcttecggaa 420
actcgecgag aagaccgecg ccaagcgcaa gegegtegeg cgcaggecceyg tcegecttete 480
ctggagaaga gcctctagag tcgacctgca ggcatgcaag cttggcgtaa tcatggtcat 540
agctgtttee tgtgtgaaat tgttatccge tcacaattece acacaacata cgagccggaa 600
gcataaagtyg taaagcctgg ggtgectaat gagtgagcta actcacatta attgegttge 660
gctecactgee cgetttcecag tcgggaaacce tgtcegtgeca getgcattaa tgaatcggece 720
aacgcgceggg gagaggcggt ttgcgtattg ggcgctette ¢ 761
<210> SEQ ID NO 38
<211> LENGTH: 3599
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 38
getetteceyg cectggagetyg gtgcagagca tggggcagtt tgcggaggag agggtgctec 60
cegtgetgea cccegtggac aagcetgtgge agecgcagga cttectgece gacccecgagt 120
cgecegactt cgaggaccag gtggcggage tgegegegeg cgcecaaggac ctgceccgacyg 180
agtactttgt ggtgetggtg ggcgacatga tcacggagga ggcgctgecyg acctacatgg 240
ccatgetcaa caccttggac ggtgtgegeg acgacacggg cgceggctgac caccegtggg 300
cgegetggac geggcagtgg gtggccgagg agaaccggcea cggcgacctyg ctgaacaagt 360
actgttgget gacggggcege gtcaacatge gggecgtgga ggtgaccatc aacaacctga 420
tcaagagcgg catgaacccg cagacggaca acaaccctta cttgggette gtctacacct 480
ccttecagga gcegegecace aagtaggtac cetttettge getatgacac ttccagcaaa 540
aggtagggceg ggctgcgaga cggcttecceg gegetgcatyg caacaccgat gatgettcga 600
ccececgaag ctectteggg getgcatggg cgetecgatyg cegetecagyg gcgagegetyg 660
tttaaatagc caggcccccg attgcaaaga cattatageg agctaccaaa gccatattca 720
aacacctaga tcactaccac ttctacacag geccactcgag cttgtgatceg cactccgceta 780
agggggcgee tcettectett cgtttcagte acaacccgea aacggcegege catgetgetg 840
caggecttee tgttectget ggccggette gecgecaaga tcagegecte catgacgaac 900
gagacgtceg accgecccect ggtgecactte acccccaaca agggctggat gaacgacccece 960
aacggectgt ggtacgacga gaaggacgcece aagtggcacce tgtacttceca gtacaacccg 1020
aacgacaccg tctgggggac geecttgtte tggggccacyg ccacgtcecga cgacctgace 1080
aactgggagg accagcccat cgccatcgece cegaagcegea acgactcegyg cgecttetee 1140
ggctccatgg tggtggacta caacaacacc tccggcttet tcaacgacac catcgacccyg 1200
cgccageget gegtggecat ctggacctac aacacccegyg agtcecgagga gcagtacate 1260
tcctacagee tggacggegg ctacacctte accgagtacce agaagaaccce cgtgetggece 1320
gccaactcecca cccagttcecceg cgacccgaag gtcttetggt acgagccctce ccagaagtgg 1380
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atcatgaccg cggccaagtc ccaggactac aagatcgaga tctactccte cgacgacctg 1440
aagtcctgga agctggagtce cgcgttegcee aacgagggct tectcggcta ccagtacgag 1500
tgcceeggee tgatcgaggt ccccaccgag caggacccca gcaagtcecta ctgggtgatg 1560
ttcatctecca tcaacccecegg cgcccceggcee ggeggctect tcaaccagta cttegtegge 1620
agcttcaacg gcacccactt cgaggccttce gacaaccagt cccgegtggt ggacttecggce 1680
aaggactact acgccctgca gaccttette aacaccgacce cgacctacgyg gagcgecctg 1740
ggcatcgegt gggcectccaa ctgggagtac tccgectteg tgcccaccaa ccectggege 1800
tcetecatgt cecctegtgeg caagttectcee ctcaacaccg agtaccaggce caacccggag 1860
acggagctga tcaacctgaa ggccgagecg atcctgaaca tcagcaacge cggeccctgg 1920
agccggtteg ccaccaacac cacgttgacg aaggccaaca gctacaacgt cgacctgtcee 1980
aacagcaccg gcaccctgga gttcgagetg gtgtacgeceyg tcaacaccac ccagacgate 2040
tccaagteceg tgttegcgga ccectcectceecte tggttcaagg gectggagga cceccgaggag 2100
tacctcegeca tgggcttega ggtgtcecgeg tcectecttet tectggaccecg cgggaacagce 2160
aaggtgaagt tcgtgaagga gaacccctac ttcaccaacc gcatgagegt gaacaaccag 2220
ccettcaaga gcgagaacga cctgtcectac tacaaggtgt acggcttget ggaccagaac 2280
atcctggagce tgtacttcaa cgacggcgac gtegtgtceca ccaacaccta cttcatgacce 2340
accgggaacg ccctgggete cgtgaacatg acgacggggg tggacaacct gttctacatce 2400
gacaagttcc aggtgcgcga ggtcaagtga caattggcag cagcagctcg gatagtatcg 2460
acacactctg gacgctggte gtgtgatgga ctgttgccege cacacttget gecttgacct 2520
gtgaatatcc ctgccgettt tatcaaacag cctcagtgtg tttgatcttg tgtgtacgeg 2580
cttttgcgag ttgctagetg cttgtgctat ttgcgaatac cacccccage atccccttece 2640
ctcgtttcat atcgcttgca tcecccaaccgce aacttatcta cgctgtcecctg ctatccectca 2700
gcgetgcetee tgctectget cactgccecct cgcacagcect tggtttggge tcecgectgta 2760
ttctectggt actgcaacct gtaaaccagce actgcaatge tgatgcacgg gaagtagtgg 2820
gatgggaaca caaatggaca gccacggcaa caccgegege cttgceggecg agcacggcega 2880
caagaacctg agcaagatct gecgggctgat cgecagcgac gagggccgge acgagatcge 2940
ctacacgcgce atcgtggacg agttcttccg cctecgaccce gagggcgceeg tegecgecta 3000
cgccaacatg atgcgcaagce agatcaccat geccgcegcac ctcatggacyg acatgggcca 3060
cggcgaggee aacccegggcece gcaacctett cgecgactte teegeggteyg ccgagaagat 3120
cgacgtctac gacgecgagg actactgecg catcctggag cacctcaacyg cgcgetggaa 3180
ggtggacgag cgccaggtca gcggecagge cgccgeggac caggagtacg tectgggect 3240
geeccagege ttecggaaac tcgecgagaa gaccgecgec aagcegcaage gegtegegeg 3300
caggccegte gecttcectect ggagaagagce ctctagagtce gacctgcagg catgcaagcet 3360
tggcgtaatc atggtcatag ctgtttecctg tgtgaaattg ttatccgcte acaattccac 3420
acaacatacg agccggaagc ataaagtgta aagcctgggg tgcctaatga gtgagctaac 3480
tcacattaat tgcgttgcge tcactgcccg cttteccagtce gggaaacctg tcegtgccagce 3540
tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggg cgctcttcece 3599

<210> SEQ ID NO 39
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Unknown
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<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 39

gteectgecee tttgtacaca ¢

<210> SEQ ID NO 40

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 40

ttgatatgct taagttcagce ggg

<210> SEQ ID NO 41

<211> LENGTH: 710

<212> TYPE: DNA

<213> ORGANISM: Rhodotorula glutini

<400> SEQUENCE: 41

cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage
tcgegagage acctgactgce cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat attagggtgt
ccaacttaac ttggagcccg accctcactt tctaacccetyg tgcatttgte ttgggtagta
gecttgegtea gegagcgaat cccatttcac ttacaaacac aaagtctatg aatgtaacaa
atttataaca aaacaaaact ttcaacaacg gatctcttgg ctctegcatce gatgaagaac
gcagcgaaat gcgatacgta atgtgaattg cagaattcag tgaatcatcg aatctttgaa
cgcaccttge gctecatggt attccgtgga geatgectgt ttgagtgtca tgaattette
aacccaccte tttettagtg aatcaggegg tgtttggatt ctgagcegetyg ctggettege
ggectagete getegtaatg cattagcatc cgcaatcgaa ctteggattg actcggegta
atagactatt cgttgaggat tctggtctet gactggagec gggtaaggtt aaagggagcet
actaatccte atgtctatct tgagattaga cctcaaatca ggtaggacta

<210> SEQ ID NO 42

<211> LENGTH: 707

<212> TYPE: DNA

<213> ORGANISM: Rhodotorula glutini

<400> SEQUENCE: 42

cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage
tcgegagage acccgactge cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat attagggegt
ccaacttaac ttggagcccg aactctcact ttctaaccct gtgcatctgt ttcetggtcag
tagctetete gggagtgaac gccattcact taaaacacaa agtctatgaa tgtataaaat
ttataacaaa acaaaacttt caacaacgga tctcttgget ctegcatcga tgaagaacgce
agcgaaatgce gataagtaat gtgaattgca gaattcagtg aatcatcgaa tctttgaacg
caccttgege tctetggtat tccggagage atgectgttt gagtgtcatyg aaatcttcaa

cectetettt tettaatgaa tegagaggtg cttggatcet gagegetget ggetteggece

tagctegtte gtaatgeatt agcatccgea atcgaactte ggattgactt ggegtaatag

21

23

60

120

180

240

300

360

420

480

540

600

660

710

60

120

180

240

300

360

420

480

540

600
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actattcget gaggattctg gtctcegtace agagecgggt tgggttaaag gaagettcta 660
atcctaaaag tctaactttt gattagatct caaatcaggt aggacta 707
<210> SEQ ID NO 43
<211> LENGTH: 630
<212> TYPE: DNA
<213> ORGANISM: Lipomyces tetrasporu
<400> SEQUENCE: 43
cgecegtege tactaccgat tgaatggett agtgaggect teggactgge tccagaaaat 60
gggaaaccat tatcaggagc tggaaagttg gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatc attactgagt atttgtcttt 180
taaagacatc tctctatcca taaactcttt tttctaaaaa gacatgattt acacaattag 240
tctgaatgat tatataaaaa tcttcaaaac tttcaacaac ggatctcttyg gttctcgcat 300
cgatgaagaa cgcagcaaaa tgcgataagt attgtgaatt gcaggatttt gtgaatcate 360
gaatttttga acgcacattg caccttctgg tattceggag ggtatacctg tttgagegtce 420
atttatatac tcaaaacttt gttttggtga tgggcacata tctggtgaga gctagatttg 480
cctgaaatat agtggtagag attgctacga gttatgcaag ttagccaatg ctattaagtt 540
aattcgttgg tgaagcatgc ggagctttag cggtcgectt ccttaactat tggaattttt 600
ctaattttga cctcaaatca ggcaggagta 630
<210> SEQ ID NO 44
<211> LENGTH: 641
<212> TYPE: DNA
<213> ORGANISM: Lipomyces starkeyi
<400> SEQUENCE: 44
cgecegtege tactaccgat tgaatggett agtgagacce teggattgge gttaggaage 60
cggcaacgge atcctttgge cgagaagttg gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgatt gectttatag 180
gcttataact atatccactt acacctgtga actgttctat tacttgacgc aagtcgagta 240
tttttacaaa caatgtgtaa tgaacgtcgt tttattataa caaaataaaa ctttcaacaa 300
cggatctett ggctetegca tcgatgaaga acgcagcgaa ttgcgataag taatgtgaat 360
tgcagaattc agtgaatcat cgaatctttg aacgcagett gegetctetyg gtattccgga 420
gagcatgcect gtttcagtgt catgaaatct caaccactag ggtttcectaa tggattggat 480
ttgggegtet gcegatctetyg atcgetegece ttaaaagagt tagcaagttt gacattaatg 540
tctggtgtaa taagtttcac tgggtccatt gtgttgaage gtgcttctaa tcegtecgcaa 600
ggacaattac tttgactctg gcctgaaatc aggtaggact a 641
<210> SEQ ID NO 45
<211> LENGTH: 456
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 45
cgecegtege tactaccgat tgaatggttt agtgagacct tgggagggeyg agatgagggg 60
ggcaacccecet tttgaacatc caaacttggt caaacttgat tatttagagg aagtaaaagt 120
cgtaacaagg tttcegtagg tgaacctgeg gaaggatcat tattgatttt atctatttet 180

gtggatttct ggtatattac agcgtcattt tatctcaatt ataactatca acaacggatc 240
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tettggetet cacatcgatg aagaacgcag cgaaccgcga tattttttgt gacttgcaga 300
tgtgaatcat caatctttga acgcacattg cgcggtatgg cattccgtac cgcacggatg 360
gaggagcegtyg tteectetgg gatcgeattg ctttettgaa atggattttt taaactctca 420
attattacgt catttcacct ccttcatccg agatta 456
<210> SEQ ID NO 46
<211> LENGTH: 628
<212> TYPE: DNA
<213> ORGANISM: Cryptococcus curvatus
<400> SEQUENCE: 46
cgecegtege tactaccgat tgaatggett agtgagattt ctggattgge gttaggaage 60
cggcaacgge atcctttgge tgagaagtta ctcaaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgatt tgecttceggg 180
ctaaactata tccataacac ctgtgaactg ttgattgact tcggtcaata tttttacaaa 240
cattgtgtaa tgaacgtcat gttataataa caaatataac tttcaacaac ggatctcttg 300
gctetegeat cgatgaagaa cgcagcgaaa tgcgataagt aatgtgaatt gcagaattca 360
gtgaatcatc gaatctttga acgcaacttg cgctctetgg tattceggag agcatgectg 420
tttgagtgtc atgaaatctc aaccattagg gtttcttaat ggcttggatt tggacgtttg 480
ccagtcaaat ggctegtett aaaagagtta gtgaatttaa catttgtett ctggegtaat 540
aagtttcget gggctgatag tgtgaagttt gettctaate gtecgcaagyg acaattettg 600
aactctggcce tcaaatcagg taggacta 628
<210> SEQ ID NO 47
<211> LENGTH: 628
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Trichosporon sp. CBS 7617
<400> SEQUENCE: 47
cgecegtege tactaccgat tgaatggett agtgagacce teggattgge gttaagaage 60
cggcaacgge atcttttgge cgagaagttg gtcaaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat tgctcectttga 180
gcgttaaact atatccatct acacctgtga actgttgatt gacttcecggtc aattactttt 240
acaaacattg tgtaatgaac gtcatgttat tataacaaaa ataactttca acaacggatc 300
tettggetet cgcatcgatg aagaacgcag cgaaatgcga taagtaatgt gaattgcaga 360
attcagtgaa tcatcgaatc tttgaacgca acttgcegete tcetggtatte cggagagcat 420
gectgtttga gtatcatgaa atctcaacca ttagggtttce ttaatggett ggatttggge 480
getgecactt gectggeteg ccttaaaaga gttagegtat taacttgteg atctggegta 540
ataagttteg ctggtgtaga cttgagaagt gegettctaa tegtectegyg acaattettg 600
aactctggtce tcaaatcagg taggacta 628

<210> SEQ ID NO 48
<211> LENGTH: 716

<212> TYPE:

DNA

<213> ORGANISM: Sporobolomyces alborubescens

<400> SEQUENCE: 48
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cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage 60
tcgegagage acccgactge cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat ataggacgtce 180
caacttaact tggagtccga actctcactt tctaaccctyg tgcacttgtt tgggatagta 240
actctecgcaa gagagcgaac tcctattcac ttataaacac aaagtctatg aatgtattaa 300
attttataac aaaataaaac tttcaacaac ggatctcttg gctctcegecat cgatgaagaa 360
cgcagcgaaa tgcgataagt aatgtgaatt gcagaattca gtgaatcatc gaatctttga 420
acgcaccttg cgctecatgg tattcegtgg agecatgectyg tttgagtgte atgaatactt 480
caaccctect ctttecttaat gattgaagag gtgtttggtt tctgagcecget getggecttt 540
acggtctage tcgttegtaa tgcattagca tcecgcaateg aatttceggat tgacttggeg 600
taatagacta ttcgctgagg aattctagte tteggattag agecgggttyg ggttaaagga 660
agcttctaat cagaatgtct acattttaag attagatctce aaatcaggta ggacta 716
<210> SEQ ID NO 49
<211> LENGTH: 718
<212> TYPE: DNA
<213> ORGANISM: Rhodotorula glutinis
<400> SEQUENCE: 49
cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage 60
tcgegagage acccgactge cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat ctaggacgtce 180
caacttaact tggagtccga actctcactt tctaaccctyg tgcatctgtt ttaaaattgg 240
ctagtagcte ttcggagcga accaccattt ttcacttata caaacacaaa gtctatgaat 300
gtaaacaaat ttataacaaa acaaaacttt caacaacgga tctcttgget ctecgcatcga 360
tgaagaacgc agcgaaatgc gatacgtaat gtgaattgca gaattcagtyg aatcatcgaa 420
tctttgaacyg caccttgege tecttggtat tecgaggage atgectgttt gagtgtcatg 480
aaatcttcaa cccacctett tcttagtgaa tetggtggtyg cttggtttet gagegetget 540
ctgcttegge ttagetegtt cgtaatgeat tagcatcege aaccgaaact tcggattgac 600
ttggegtaat agactattcg ctgaggattc cagacttgtt ctggagccga gttgggttaa 660
aggaagcttce taatcctaaa gtctattttt tgattagatce tcaaatcagg taggacta 718
<210> SEQ ID NO 50
<211> LENGTH: 693
<212> TYPE: DNA
<213> ORGANISM: Rhodotorula glutinis
<400> SEQUENCE: 50
cgecegtege tactaccgat tgaatggett agtgaggget ceggattgge ttcetgggage 60
cggcaacgge acctagtcge tgagaagttg gacgaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatc attaatgaaa tgcaaggacy 180
ctetttttag aggteccgace caattcattt tcetcacactyg tgcacacact actttttaca 240
ccatttttaa cacttgaagt ctaagaatgt aaacagtctc ttaattgagc ataaaattta 300
aacaaaactt tcagcaacgg atctcttgge tcteccateg atgaagaacyg cagcgaaatg 360
cgatacgtaa tgtgaattgc agaattcagt gaatcatcga atctttgaac gcaccttgca 420

ctctttggta ttecgaagag tatgtetgtt tgagtgtcat gaaactctca acccccctgt 480
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tttgtaatga accaggcgtg ggcttggatt atggetgetyg ceggegtaat tgtcgactceg 540
gctgaaatac acgagctacce catttcataa gaaatagacg gtttgactcg gegtaataac 600
atatttcget gaggacgtca cattctttac ctagtggtge ttctaatgeg acatctaaac 660
tttaagcttt agacctcaaa tcagtcagga cta 693
<210> SEQ ID NO 51
<211> LENGTH: 640
<212> TYPE: DNA
<213> ORGANISM: Trichosporon behrend
<400> SEQUENCE: 51
cgecegtege tactaccgat tgaatggett agtgagacce teggattgge gttaggaage 60
cggcaacgge atcctttgge cgagaagttg gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgatt gecttcatag 180
gcttaaacta tatccacata cacctgtgaa ctgttccacce acttgacgca agtcgagtgt 240
ttttacaaac aatgtgtaat gaacgtcgtt ttattataac aaaataaaac tttcaacaac 300
ggatctettyg getctegecat cgatgaagaa cgcagcgaat tgcgataagt aatgtgaatt 360
gcagaattca gtgaatcatc gaatctttga acgcagettg cgctctetgg tattccggag 420
agcatgcctg tttcagtgtc atgaaatctce aaccactagg gtttectaat ggattggatt 480
tgggegtetyg cgatctcectga tcgctegect taaaagagtt agcaagtttg acattaatgt 540
ctggtgtaat aagtttcact gggtccattg tgttgaageg tgcttctaat cgtccgcaag 600
gacaattact ttgactctgg cctgaaatca ggtaggacta 640
<210> SEQ ID NO 52
<211> LENGTH: 476
<212> TYPE: DNA
<213> ORGANISM: Geotrichum histeridarum
<400> SEQUENCE: 52
cgecegtege tactaccgat cgaatggett agtgaggett ceggattgat ttgggagaga 60
gggcgacttt tttecctggaa cgagaagcta gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagaaaaa tgcgatatta 180
gtggtttatt ttgctcgccg aaaggcaaac ttttaacata cctacctttt tttaactata 240
aaaactttta acaacggatc tcttggttcet cgcatcgatg aagaacgcag cgaattgcga 300
tacgttttgt gaattgcaga agtgaatcat caatctttga acgcacattyg cgcctggtgg 360
tattccgeca ggcatacctg tttgagegtt gttetctetg ggattgtcta ctttectcaa 420
agaaattaaa caaacaagtt tgacacaaca cctcaacctce agatcaggta ggacta 476
<210> SEQ ID NO 53
<211> LENGTH: 687
<212> TYPE: DNA
<213> ORGANISM: Rhodotorula aurantiaca
<400> SEQUENCE: 53
cgecegtege tactaccgat tgaatggett agtgaggect teggattgge ttcetgggage 60
cggcaacgge acctagtcge tgagaagttt gacgaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatc attaatgaat tttaggacgt 180
tctttttaga agtccgacce tttcatttte ttacactgtg cacacacttce ttttttacac 240



US 9,066,527 B2
183 184

-continued
acacttttaa caccttagta taagaatgta atagtctctt aattgagcat aaataaaaac 300
aaaactttca gcaacggatc tcttggetcet cgecatcgatyg aagaacgcag cgaattgcga 360
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca ccttgcacte 420
tttggtattc cgaagagtat gtctgtttga gtgtcatgaa actctcaacc cccctatttt 480
gtaatgagat gggtgtggge ttggattatg gttgtctgte ggcgtaattg ceggctcaac 540
tgaaatacac gagcaaccct attgaaataa acggtttgac ttggcgtaat aattatttcg 600
ctaaggacgc tttcttcaaa tataagaggt gettctaatt cgcettctaat agcatttaag 660
ctttagacct caaatcagtc aggacta 687
<210> SEQ ID NO 54
<211> LENGTH: 636
<212> TYPE: DNA
<213> ORGANISM: Trichosporon domesticum
<400> SEQUENCE: 54
cgecegtege tactaccgat tgaatggett agtgagacct ceggattgge gttgagaage 60
cggcaacgge atctettgge tgagaagttg gtcaaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgatt gecttaattg 180
gcttaaacta tatccatcta cacctgtgaa ctgtttgatt gaatcttcgg attcgatttt 240
atacaaacat tgtgtaatga acgtcattat attataacaa aaaaaaaact ttcaacaacg 300
gatctettgyg ctetegcate gatgaagaac gcagcgaaat gcgataagta atgtgaattg 360
cagaattcag tgaatcatcg aatctttgaa cgcaacttge gctctetggt attccggaga 420
gcatgcctgt ttgagtgtca tgaaatctca accattaggg tttcttaatg gcttggattt 480
ggaggtttge cagtctgact ggctectett aaaagagtta gcaagttgaa ctattgctat 540
ctggegtaat aagtttcgcet ggaatggtat tgtgaagegt gettctaatce gtcttcggac 600
aattttttga ctctggcctce aaatcaggta ggacta 636
<210> SEQ ID NO 55
<211> LENGTH: 711
<212> TYPE: DNA
<213> ORGANISM: Rhodotorula toruloides
<400> SEQUENCE: 55
cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tatcgggage 60
tcgegagage acctgactgce cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat attagggtgt 180
ccaacttaac ttggagcccg accctcactt tctaacccetyg tgcatttgte ttgggtagta 240
gctegtgtea gegagcgaat cccatttcac ttacaaacac aaagtctatg aatgtaacaa 300
atttataaca aacaaaactt tcaacaacgg atctcttgge tctegcatceg atgaagaacyg 360
cagcgaaatg cgatacgtaa tgtgaattgc agaattcagt gaatcatcga atctttgaac 420
gcaccttgeg ctecatggta ttcegtggag catgectgtt tgagtgtcat gaattcttcea 480
acccacctet ttcttagtga atcaggeggt gtttggatte tgagegttge tggettegeg 540
gectageteg ctegtaatge attagcatcce gcaatcgaac tteggattga cteggcegtaa 600
tagactattc gctgaggatt ctggtctetg actggagecyg ggtaagatta aaggaagcta 660

ctaatcctca tgtctatctt ttgagattag acctcaaatc aggtaggact a 711
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<210> SEQ ID NO 56
<211> LENGTH: 753
<212> TYPE: DNA
<213> ORGANISM: Rhodotourula terpendoidalis
<400> SEQUENCE: 56
cgecegtege tactaccgat tgaatggett agtgaggect ceggactgge tattgggate 60
tcgecgagaga acctgactge tgggaagttg tacgaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatc attaatgaat attagggtgce 180
tcttttcate aaagaggcct gaccttcatt cttctaccct gtgcactatt caaacattcg 240
gcagttggta atttggcttg taaaagagcc agacgactct gectgaattca ctcttaaact 300
ctaaagtata agaatgttac aaataaaaca aataaaactt tcaacaacgg atctcttgge 360
tctegeateg atgaagaacg cagcgaaatg cgataagtaa tgtgaattge agaattcagt 420
gaatcatcga atctttgaac gcaccttgceg ctegetggta tteccggegag catgectgtt 480
tgagtgtcat gaaaacctca acccttcaat tecttgttga attgtaaggt gtttggatte 540
tgaatgtttyg ctggcttgaa gggcccttgg ctacttcaaa agcgaagctce attcgtaata 600
cattagcatc tcaatttcga atattcggat tgactceggeg taatagactt tattcgetga 660
ggacacctte acaaggtgge cgaatttcga ggtagaaget tccaattcga tcaaaagtca 720
ctcttagttt agacctcaga tcaggcagga cta 753
<210> SEQ ID NO 57
<211> LENGTH: 456
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 57
cgecegtege tactaccgat tgaatggttt agtgagacct tgggagggeyg agatgagggg 60
ggcaacccecet tttgaacatc caaacttggt caaacttgat tatttagagg aagtaaaagt 120
cgtaacaagg tttcegtagg tgaacctgeg gaaggatcat tattgatttt atctatttet 180
gtggatttct ggtatattac agcgtcattt tatctcaatt ataactatca acaacggatc 240
tettggetet cacatcgatg aagaacgcag cgaaccgcga tattttttgt gacttgcaga 300
tgtgaatcat caatctttga acgcacattg cgcggtatgg tattccgtac cgcacggatg 360
gaggagcegtyg tteectetgg gatcgeattg ctttettgaa atggattttt taaactctca 420
attattacgt catttcacct ccttcatccg agatta 456
<210> SEQ ID NO 58
<211> LENGTH: 709
<212> TYPE: DNA
<213> ORGANISM: Rhodotorula glutinis
<400> SEQUENCE: 58
cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage 60
tcgegagage acctgactgce cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat attagggtgt 180
ccaacttaac ttggaacccg accctcactt tctaaccctyg tgcatttgte ttgggtagta 240
gettgegteg gegagcgaat cccatttcac ttacaaacac aaagtctatg aatgtaacaa 300
atttataaca aacaaaactt tcaacaacgg atctcttgge tctegcatceg atgaagaacyg 360

cagcgaaatyg cgatacgtaa tgtgaattge agaattcagt gaatcatcga atctttgaac 420
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gcaccttgeyg
acccacctat
gectageteg
tagactattc

ctaatcctca

ctccatggta
ttcttagtga
ctcgtaatge
getgaggatt

tgtctatett

<210> SEQ ID NO 59
<211> LENGTH: 500

<212> TYPE:

DNA

ttcegtggag
atcaggcggt
attagcatcc
ctggtetetyg

gagattagac

catgcetgtt

gtttggatte

gcaatcgaac

actggageceg

ctcaaatcag

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 59

gtcectgece

ttgggagggce

ttatttagag

ttattgattt

tataactatc

atattttttyg

gcattccgta

aatggatttt

gctgaactta

tttgtacaca
gagatgaggg
gaagtaaaag
tatctatttc
aacaacggat
tgacttgcag
ccgcacggat
ttaaactcte

agcatatcaa

<210> SEQ ID NO 60
<211> LENGTH: 707

<212> TYPE:

DNA

cegecegteg

gggcaaccce

tcgtaacaag

tgtggattte

ctettggete

atgtgaatca

ggaggagegt

aattattacg

ctactaccga

ttctgaacat

gtttcegtag

tattctatta

tcacatcgat

tcaatctttyg

gttecctety

tcatttcacc

<213> ORGANISM: Lipomyces tetrasporus

<400> SEQUENCE: 60

cgeceegtage

tcgegagage

gtcgtaacaa

caacttaact

gtagctcette

aatttataac

cgcagcgaaa

acgcaccttyg

caacccacct

ggcttagete

atagactatt

aatcctaaag

tactaccgat

acctgactge

ggtttcegta

tggagtccga

ggagtgaacc

aaaacaaaac

tgcgatacgt

cgctecttygy

ctttettagt

gttegtaatg

cgctgaggat

tctatttttt

<210> SEQ ID NO 61
<211> LENGTH: 457

<212> TYPE:

DNA

tgaatggett

tgagaagttg

ggtgaacctyg

aatctcactt

accattcact

tttcaacaac

aatgtgaatt

tattccgagyg

gaatctggty

cattagcatc

tctagtttac

gattagatct

agtgaggect

tacgaacttg

cggaaggatc

tctaacccetyg

tataaaacac

ggatctetty

gcagaattca

agcatgecetg

gtgcttggtt

cgcaaccgaa

tagagccgag

caaatcaggt

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 61

tgagtgtcat gaattcttca
tgagcgetge tggectcacy
ttcggattga cteggegtaa
ggtgagatta aaggaagcta

gtaggacta

ttgaatggtt tagtgagacc

ccaaacttgg tcaaacttga

gtgaacctge ggaaggatca

cagcgtcatt ttatctcaat

gaagaacgca gcgaaccgceg

aacgcacatt gcgcggtatg

ggatcgcatt gctttettga

tcctteatcee gagattacce

ccggattgge tattgggage
gtcatttaga ggaagtaaaa
attagtgaat ctaggacgtc
tgcatctgtt aattggaata
aaagtctatg aatgtataca
getetegeat cgatgaagaa
gtgaatcatc gaatctttga
tttgagtgtc atgaaatctt
tctgageget getetgette
ctteggattyg acttggegta
ttgggttaaa ggaagctect

aggacta

cgecegtege tactaccgat tgaatggttt agtgagaccet tgggagggeg agatgagggg

ggcaaccect tctgaacatc caaacttggt caaacttgat tatttagagg aagtaaaagt

480

540

600

660

709

60

120

180

240

300

360

420

480

500

60

120

180

240

300

360

420

480

540

600

660

707

60

120
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cgtaacaagg tttcegtagg tgaacctgeg gaaggatcat tattgatttt atctatttet 180
gtggatttct attctattac agcgtcattt tatctcaatt ataactatca acaacggatc 240
tettggetet cacatcgatg aagaacgcag cgaaccgcga tattttttgt gacttgcaga 300
tgtgaatcat caatctttga acgcacattg cgcggtatgg cattccgtac cgcacggatg 360
gaggagcgtg ttccctectgg gatcgcattg ctttecttgaa atggattttt ttaaactcetce 420
aattattacg tcatttcacc tccttcatcc gagatta 457
<210> SEQ ID NO 62
<211> LENGTH: 1022
<212> TYPE: DNA
<213> ORGANISM: Lipomyces tetraspo
<400> SEQUENCE: 62
cgecegtege tactaccgat tgaatggett agtgaggect teggactgge tccagaaaat 60
gggaaaccat tatcaggagc tggaaagttg gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttecctte cgtagcactt actgaagcett tagcagcccg aaaaggcgaa 180
tgctagcgac tataaataaa tatggegttce ttaaatgcta gtctcectgatt agaggcgaca 240
ttgccaaatt gcggggacat cctaaagatc ttgataccaa gctggtagtce gaaagacgcce 300
agtggccgag ctaacagccce tgggtatggt aataattcaa gatatggaac aatgggtaat 360
ccgcagcecaa gtcectaaact acgcaagtag catggatgea gttcacagge caaatggtga 420
tgggtagatt actaaatctg cttaagatat ggtcggtcee getgtgagag cagatgggaa 480
gctacaaage agactcgtga gtttgcgcaa acgtaactaa aaacgttccg taggtgaacce 540
tgcggaagga tcattactga gtatttgtct tttaaagaca tctctctatce cataaactct 600
tttttctaaa aagacatgat ttacacaatt agtctgaatg attatataaa aatcttcaaa 660
actttcaaca acggatctct tggttctege atcgatgaag aacgcagcaa aatgcgataa 720
gtattgtgaa ttgcaggatt ttgtgaatca tcgaattttt gaacgcacat tgcaccttct 780
ggtattcecgg agggtatacce tgtttgageg tcatttatat actcaaaact tcgttttggt 840
gatgggcaca tatctggtga gagctagatt tgcctgaaat atagtggtag agattgctac 900
gagttatgca agttagccaa tgctattaag ttaattcgtt ggtgaagcat gecggagettt 960

agtgatcgcce ttccttaact attggaattt ttctaatttt gacctcaaat caggcaggag 1020
ta 1022
<210> SEQ ID NO 63

<211> LENGTH: 712

<212> TYPE: DNA

<213> ORGANISM: Rhodosporidium sphaerocarpum

<400> SEQUENCE: 63

cgeccegtege tactaccgat tgaatggett agtgaggect ceggaccgge tattgggage 60
tcgegagage acccgactge tgggaagttg tacgaacttg gtcatttaga ggaagtaaaa 120
gtcgtaacaa ggtttcegta ggtgaacctyg cggaaggatce attagtgaat ataggacgtce 180
caacttaact tggagtccga actctcactt tctaaccctg tgcatttgtt tgggatagta 240
gecteteggyg gtgaactcct attcactcat aaacacaaag tctatgaatg tatttaattt 300
ataacaaaat aaaactttca acaacggatc tcttggetet cgcategatg aagaacgcag 360

cgaaatgcga taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca 420
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ccttgegete
ctcctetttt
tcgagetege
agactattcg

tctaatccta

catggtattce
ctagtgaaag
tcgtaatgea
ctgaggaatt

atgtctatat

<210> SEQ ID NO 64
<211> LENGTH: 631

<212> TYPE

: DNA

cgtggagcat
agaaggtgct
ttagcatceg
ctaatctteg

ttttagatta

gectgtttga
tggtttctga
caatcgaact
gattagagce

gatctcaaat

<213> ORGANISM: Trichosporon brassicae

<400> SEQUENCE: 64

cgeceegtage

cggcaacgge

gtcgtaacaa

gcttaaacta

caaacattgt

tettggetet

attcagtgaa

gectgtttga

gttgccagte

gtaataagtt

tttgactctyg

tactaccgat

atctecttgge

ggtttcegta

tatccaacta

gtaaagaacg

cgcatcgatg

tcatcgaatc

gtgtcatgaa

taactggetce

tcgetagttt

gectcaaatce

<210> SEQ ID NO 65
<211> LENGTH: 627

<212> TYPE

: DNA

tgaatggett

cgagaagttyg

ggtgaacctyg

cacctgtgaa

tcattagatc

aagaacgcag

tttgaacgca

atctcacaca

ctcttaaagyg

ggcattttga

aggtaggact

agtgagacct
gtcaaacttyg
cggaaggatc
ctgttegatt
ataacaaaaa
cgaaatgcga
acttgegete
tcaaggttte
agttagcata
agtgtgctte

a

<213> ORGANISM: Cryptococcus curvatus

<400> SEQUENCE: 65

cgeceegtage

cggcaacgge

gtcgtaacaa

ctaactatat

attgtgtaat

ctctegeate

tgaatcatcg

ttgagtgtca

cagtcaaatg

agtttegetg

actctggect

tactaccgat

atcctttgge

ggtttcegta

ccataacacc

gaacgtcatg

gatgaagaac

aatctttgaa

tgaaatctca

gcetegtetta

ggctgatagt

caaatcaggt

<210> SEQ ID NO 66
<211> LENGTH: 637

<212> TYPE:

DNA

tgaatggett

tgagaagcta

ggtgaacctyg

tgtgaactgt

ttataataac

gcagcgaaat

cgcaacttge

accattaggg

aaagagttag

gtgaagtttyg

aggacta

agtgagattt
ctcaaacttyg
cggaaggatc
tgattgactt
aaatataact
gcgataagta
getetetggt
tttettaatg
tgaatttaac

cttctaateg

<213> ORGANISM: Lipomyces starkeyi

<400> SEQUENCE: 66

gtgtcatgaa tacttcaacc

gegttttget ggectcacgg

tcggattgac ttggcegtaat

gggttgggtt aaaggaagct

caggtaggac ta

ccggattgge gttgagaage
gtcatttaga ggaagtaaaa
attagtgatt gccttaattg
gaatcttega ttcaatttta
aaaactttta acaacggatc
taagtaatgt gaattgcaga
tctggtatte cggagagcat
ttgatgaagt ggatttggag
tttgattatt getgtctgge

taatcgtett cggacaattt

ccggattgge gttaggaage
gtcatttaga ggaagtaaaa
attagtgatt tgcctteggyg
cggtcaatat ttttacaaac
ttcaacaacg gatctcttgyg
atgtgaattyg cagaattcag
attccggaga gcatgectgt
gettggattt ggacgtttge
atttgtctte tggcgtaata

tccgcaagga caattcttga

cgeccegtege tactaccgat tgaatggett agtgaggect teggactgge tccagaaaat

480

540

600

660

712

60

120

180

240

300

360

420

480

540

600

631

60

120

180

240

300

360

420

480

540

600

627

60
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gggaaaccat tatcaggagc tggaaagttg gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatc attactgagt atttgtcttt 180
tcaagacatc tctctatcca taaactcttt tttttaaaaa gacatgattt ataacaatta 240
gtctgaatga ttatttttaa atcttcaaaa ctttcaacaa cggatctctt ggttctegea 300
tcgatgaaga acgcagcaaa ttgcgataag taatgtgaat tgcaggattt tgtgaatcat 360
cgaatttttg aacgcacatt gcaccttctg gtattccgga gggtatacct gtttgagegt 420
catttatata ctcaaaactt acgttttggt gatgggcacyg tatctggett ctaagttaga 480
tttgcctgaa atatagcggt agaggteget agaagcgatyg caagttagec aatgctatta 540
aagttaattc gttggtgacg catgttgagc ttttggtgaa gtcttcctta attattggaa 600
tttttttcta attttgacct caaatcaggc aggagta 637
<210> SEQ ID NO 67
<211> LENGTH: 457
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 67
cgecegtege tactaccgat tgaatggttt agtgagacct tgggagggeyg agatgagggg 60
ggcaacccecet tttgaacatc caaacttggt caaacttgat tatttagagg aagtaaaagt 120
cgtaacaagg tttcegtagg tgaacctgeg gaaggatcat tattgatttt atctatttet 180
gtggatttct attctattac agcgtcattt tatctcaatt ataactatca acaacggatc 240
tettggetet cacatcgatg aagaacgcag cgaaccgcga tattttttgt gacttgcaga 300
tgtgaatcat caatctttga acgcacattg cgcggtatgg cattccgtac cgcacggatg 360
gaggagcgtg ttccctectgg gatcgcattg ctttecttgaa atggattttt ttaaactcetce 420
aattattacg tcatttcacc tccttcatcc gagatta 457
<210> SEQ ID NO 68
<211> LENGTH: 631
<212> TYPE: DNA
<213> ORGANISM: Trichosporon loubieri
<400> SEQUENCE: 68
cgecegtege tactaccgat tgaatggett agtgagacct ceggattgge gttgagaage 60
cggcaacgge atctettgge cgagaagttg gtcaaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgatt gecatcttgg 180
cttaaactat atccatctac acctgtgaac cgtttgattg aatcttctga ttcaatttta 240
caaacattgt gtaatgaacg tcattagatc ataataagaa aaaactttca acaacggatc 300
tettggetet cgcatcgatg aagaacgcag cgaaatgcga taagtaatgt gaattgcaga 360
attcagtgaa tcatcgaatc tttgaacgca acttgcegete tcetggtatte cggagagcat 420
gectgtttga gtgtcatgaa atctcaacca ttagggttte ttaatggett ggatttggag 480
gttgccatte taaatggcte ctcttaaaag agttagcgag tttaactatt getatctgge 540
gtaataagtt tcgctggaat ggtattgtga agcgegette taatcgtett cggacaattt 600
tttgactctg gectcaaatc aggtaggact a 631

<210> SEQ ID NO 69
<211> LENGTH: 476
<212> TYPE: DNA
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<213> ORGANISM: Geotrichum vulgare
<400> SEQUENCE: 69
cgecegtege tactaccgat tgaatggett agtgaggett ceggattgat tagttggaga 60
gggagacttt tctgactgaa cgagaagcta gtcaaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatc attaaagatt taatattaat 180
tgtgaaatta aaacgatatt aacaaaaaat catacaatca attataaaaa aaatcaaaac 240
ttttaacaat ggatctcttg gttctegtat cgatgaagaa cgcagcgaaa cgcgatattt 300
cttgtgaatt gcagaagtga atcatcagtt tttgaacgca cattgcactt tggggtatce 360
cccaaagtat acttgtttga gegttgttte tctettggaa ttgcattget tttctaaaaa 420
atcgaatcaa attcgtttga aacatccatt cttcaaccte agatcaagta ggatta 476
<210> SEQ ID NO 70
<211> LENGTH: 710
<212> TYPE: DNA
<213> ORGANISM: Rhodosporidium toruloides
<400> SEQUENCE: 70
cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage 60
tcgegagage acctgactgce cgagaagttg tacgaacttg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat attagggtgt 180
ccaacttaac ttggagcccg accctcactt tctaacccetyg tgcatttgte ttgggtagta 240
gecttgegtea gegagcgaat cccatttcac ttacaaacac aaagtctatg aatgtaacaa 300
atttataaca aaacaaaact ttcaacaacg gatctcttgg ctctegcatce gatgaagaac 360
gcagcgaaat gcgatacgta atgtgaattg cagaattcag tgaatcatcg aatctttgaa 420
cgcaccttge gctecatggt attccgtgga geatgectgt ttgagtgtca tgaattette 480
aacccaccte tttettagtg aatcaggegg tgtttggatt ctgagcegetyg ctggettege 540
ggectagete getegtaatg cattagcatc cgcaatcgaa ctteggattg actcggegta 600
atagactatt cgctgaggat tctggtctet gactggagec gggtaaggtt aaagggaget 660
actaatcctce atgtctatct tgagattaga cctcaaatca ggtaggacta 710
<210> SEQ ID NO 71
<211> LENGTH: 707
<212> TYPE: DNA
<213> ORGANISM: Rhodotorula glutinis
<400> SEQUENCE: 71
cgecegtege tactaccgat tgaatggett agtgaggect ceggattgge tattgggage 60
tcgegagage acctgactge tgagaagttg tacgaacttyg gtcatttaga ggaagtaaaa 120
gtegtaacaa ggtttccgta ggtgaacctg cggaaggatce attagtgaat ctaggacgtce 180
caacttaact tggagtccga actctcactt tctaaccctyg tgcatctgtt aattggaata 240
gtagctcette ggagtgaacc accattcact tataaaacac aaagtctatg aatgtataca 300
aatttataac aaaacaaaac tttcaacaac ggatctcttyg gctctcegecat cgatgaagaa 360
cgcagcgaaa tgcgatacgt aatgtgaatt gcagaattca gtgaatcatc gaatctttga 420
acgcaccttg cgctecttgg tattccgagg agecatgectyg tttgagtgte atgaaatctt 480
caacccacct ctttettagt gaatctggtg gtgettggtt tetgageget getcetgette 540

ggcttagete gttegtaatg cattagcatce cgcaaccgaa ctteggattyg acttggegta 600
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atagactatt cgctgaggat tctagtttac tagagccgag ttgggttaaa ggaagctcect

aatcctaaag tctatttttt gattagatct caaatcaggt aggacta

<210> SEQ ID NO 72
<211> LENGTH: 627

<212> TYPE

: DNA

<213> ORGANISM: Rhodotorula aurantiaca

<400> SEQUENCE: 72

cgeceegtage

cggcaacgge

gtcgtaacaa

ctaactatat

attgtgtaat

ctctegeate

tgaatcatcg

ttgagtgtca

cagtcaaatg

agtttegetg

actctggect

tactaccgat

atcctttgge

ggtttcegta

ccataacacc

gaacgtcatg

gatgaagaac

aatctttgaa

tgaaatctca

gcetegtetta

ggctgatagt

caaatcaggt

<210> SEQ ID NO 73
<211> LENGTH: 899

<212> TYPE:

DNA

tgaatggett

tgagaagcta

ggtgaacctyg

tgtgaactgt

ttataataac

gcagcgaaat

cgcaacttge

accattaggg

aaagagttag

gtgaagtttyg

aggacta

agtgagattt ccggattgge

ctcaaacttyg gtcatttaaa

cggaaggatc attagtgatt

tgattgactt cggtcaatat

aaatataact ttcaacaacg

gcgataagta atgtgaattg

getetetggt attceggaga

tttcttaatg gettggattt

tgaatttaac atttgtctte

cttctaateg tccgcaagga

<213> ORGANISM: Torulaspora delbrueckii

<400> SEQUENCE: 73

cgeceegtage

gggcaactce

gtcgtaacaa

tgaagttaga

attgcgeggt

tacttcaact

cgtettgtge

gtcaaaacca

ggttctegea

cgtgaatcat

gtttgagegt

ggttaacttyg

gtccagtceta

gttggctcgg

gcatacgcaa

tagtaccgat

atctcagage

ggtttcegta

ggacgtctaa

tgcggettgg

tctacaacac

gtgcttccca

atttcgttat

tcgatgaaga

cgaatctttyg

catttcctte

aaattgctag

gctaataccyg

gegetttaaa

tcegggegaa

<210> SEQ ID NO 74
<211> LENGTH: 20

<212> TYPE:

DNA

tgaatggett

ggagaatctyg

ggtgaacctyg

agatactgta

ttegeetttt

tgtggagttt

gaggtgacaa

gaaattaaaa

acgcagcgaa

aacgcacatt

tcaaacaatc

cctgttattt

aattgtcgta

gactttgtcyg

caatactctce

agtgaggcct caggatctge

gtcaaacttyg gtcatttaga

cggaaggatc attagagaaa

agagaggatc aggttcaaga

geggaacatg tetttteteg

tctacacaac ttttcttcett

acacaaacaa ctttttatta

atatttaaaa ctttcaacaa

atgcgatacyg taatgtgaat

gegececttyg gtattccagg

atgtttggta gtgagtgata

ggttgtgatt ttgctggett

ttaggtttta ccaacttcgg

taaacgattt atcgtttgtt

aaagtttgac ctcaaatcag

<213> ORGANISM: Prototheca moriformis

gttaggaagce
ggaagtaaaa
tgcctteggy
ttttacaaac
gatctettgg
cagaattcag
gecatgectgt
ggacgtttge
tggcgtaata

caattcttga

ttagagaagg

ggaactaaaa

tctatatgaa

ccagcgetta

ttgttaactc

tgggaagata

ttataaacca

cggatctett

tgcagaattc

gggcatgect

ctctgtcaag

ggatgacttt

cagactgtgt

tgagetttte

gtaggaata

660

707

60

120

180

240

300

360

420

480

540

600

627

60

120

180

240

300

360

420

480

540

600

660

720

780

840

899
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<400> SEQUENCE: 74

tcacttcatg

ceggeggtec

<210> SEQ ID NO 75
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 75

gegetectge

ttggctcgaa

<210> SEQ ID NO 76
<211> LENGTH: 733

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: gene targeting sequence

<400> SEQUENCE: 76

getettegag

atttcaaagc

cceectecace

getgegetgt

gctatcaaga

aaggccatce

tttgacatcg

gtgcctacgt

gtgagggttg

gtceegetga

tCtgggtgtg

acggegtggg

cgcaccgggt

acgtggtetyg

agagccatgt

caattgtege

tcaagaacac

cgaacaggca

cecgegeactyg

cggtcatgte

gggtcaagta

tggttgeeeg

cecececececegyge

cgcgcacgag

cctggtgtte

acc

<210> SEQ ID NO 77
<211> LENGTH: 739

<212> TYPE

: DNA

aatcctecag

geegggeect

cagtttgege

ctctggggtt

gecetgtggag

tttecgagege

cctgetetac

tggcgtcatg

tatcgaggtce

tacccteeeyg

tgcggecace

cacagectge

gegggtttee
gtggectgtg
aatccataaa
tgctcacceyg
aagccteegt
teggegette
gtegegtega
tggccgetet
ctggtggege
gcacctteca

aggcctttte

tgctggtgee

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: gene targeting sequence

<400> SEQUENCE: 77

ccgecaccac

cgcagtggcg

getggtcace

gtacccgege

catcgaggtyg

gggcecgcace

gaacatgtgg

cttegagaag

cecegeectte

cttecagcace

tccaacacgg

cacgagggec

ctgaccctygyg

ttcgccaace

gtcatcteeyg

atgggctggg

ctcgtgetca

gactgggact

atggacaaca

atccegeact

ggtgcctgga

tggagtggga

getggecget

actttgaccc

acctggeget

cctggetggt

tcacgetget

ggctgegegy

tcctgeacca

accacgccga

caaggacgag

ggagtggctg

gtacctcatg

gtggtegece

ggtggeggtyg

caagacctac

ccagcacacg

cgccatggec

catctecgac

ggaggcctee

ccgagaaaga

ttggcgecta

ctcaaaactyg

cgaggtcgac

tcacgatcgyg

gtagcagcat

cgtacatcga

actggttett

gcatggggga

gggegectte
ctccagecag

ctactactcce

gtgtttgtge

cccatecgea

ttcaacgtcyg

atcttcagca

ctcageggge

gtggtgcect

cacccggege

accgtggace

acccacgtge

gecgecatca

aagggtgecg
tgtagtcacc
cagcttcetga
gcccageatg
gacgctgege
gtacctggee
cecectgegecay
ccaggtgtgt
gaaggcgect
ggcacgggtg
gccatcaacg

tggaagcact

cgcegeacceyg

tgggcaaggt

cctegeggece

agcegcegageg

tcagcgtget

acctgategt

tgccgcacta

getecatggg

tgcaccacct

ggcccatect

20

20

60

120

180

240

300

360

420

480

540

600

660

720

733

60

120

180

240

300

360

420

480

540

600
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gggcaagtac taccagtccg acagccgetg ggteggecge gecctgtggg aggactggeg 660
cgactgccege tacgtegtcee cggacgegece cgaggacgac tcecgegetcet ggttcecacaa 720
gtgagtgagt gagaagagc 739
<210> SEQ ID NO 78
<211> LENGTH: 2327
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 78
ctttettgeg ctatgacact tccagcaaaa ggtagggegyg gcetgcgagac ggcttceccegg 60
cgetgeatge aacaccgatg atgcttegac cecccgaage tecttegggyg ctgcatggge 120
gctecgatge cgetecaggg cgagegetgt ttaaatagece aggcccccga ttgcaaagac 180
attatagcga gctaccaaag ccatattcaa acacctagat cactaccact tctacacagg 240
ccactecgage ttgtgatcge actccgetaa gggggcegect cttectette gtttcagtca 300
caacccgcaa acggegegece atgctgetge aggecttect gttectgetyg gecggetteg 360
ccgecaagat cagcegectcece atgacgaacg agacgtccga cegecccctyg gtgcacttca 420
cceccaacaa gggcetggatg aacgaccceca acggectgtyg gtacgacgag aaggacgcca 480
agtggcacct gtacttccag tacaacccga acgacaccegt ctgggggacyg cccttgttet 540
ggggccacge cacgtccgac gacctgacca actgggagga ccagcccatc gecatcgecce 600
cgaagcgcaa cgactccgge gectteteeg getccatggt ggtggactac aacaacacct 660
ceggettett caacgacacce atcgaccege gecagegetyg cgtggecate tggacctaca 720
acaccccgga gtccgaggag cagtacatct cctacagect ggacggcegge tacaccttca 780
ccgagtacca gaagaaccce gtgctggecg ccaactccac ccagttceege gacccgaagg 840
tcttetggta cgagecctcee cagaagtgga tcatgaccge ggcecaagtcece caggactaca 900
agatcgagat ctactcctcce gacgacctga agtcctggaa gcetggagtece gegttegeca 960
acgagggcett ccteggetac cagtacgagt gecccggect gatcgaggte cccaccgage 1020
aggaccccag caagtcctac tgggtgatgt tcatctceccat caacceccgge gecccecggecg 1080
gcggcectectt caaccagtac ttegtcggca gcecttcaacgg cacccacttce gaggectteg 1140
acaaccagtc ccgcgtggtg gacttcggca aggactacta cgccctgcag accttcettca 1200
acaccgacce gacctacggg agcgcectgg geatcegegtyg ggectccaac tgggagtact 1260
ccgecttegt geccaccaac cecctggegcet cctecatgte cctegtgcege aagttcectece 1320
tcaacaccga gtaccaggcce aacccggaga cggagctgat caacctgaag gccgagccga 1380
tcctgaacat cagcaacgcce ggcccctgga gecggttege caccaacacce acgttgacga 1440
aggccaacag ctacaacgtc gacctgtcca acagcaccegg caccctggag ttcgagetgg 1500
tgtacgcecgt caacaccacc cagacgatct ccaagtcegt gttcgecggac ctetccectet 1560
ggttcaaggg cctggaggac cccgaggagt acctceccgcat gggcttcgag gtgtceccgegt 1620
cctecttett cectggaccge gggaacagca aggtgaagtt cgtgaaggag aacccctact 1680
tcaccaaccyg catgagcgtg aacaaccage ccttcaagag cgagaacgac ctgtcectact 1740
acaaggtgta cggcttgctg gaccagaaca tcctggaget gtacttcaac gacggcgacg 1800
tcgtgtecac caacacctac ttcatgacca ccgggaacgce cctgggctece gtgaacatga 1860
cgacgggggt ggacaacctg ttctacatcg acaagttcecca ggtgcgcgag gtcaagtgac 1920
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aattggcage agcagctegg atagtatcga cacactcetgg acgetggteg

tgttgcegee acacttgetg ccttgacctg tgaatatcce tgecgetttt

ctcagtgtgt ttgatcttgt gtgtacgege ttttgegagt tgctagetge

tgcgaatacce acccccagea tccecttece tegtttcata tegettgeat

acttatctac gctgtectge tatcectcag cgetgetect getcectgete

gecacagcctt ggtttggget cegectgtat tctectggta ctgeaacctyg

ctgcaatget gatgcacggg aagtagtggg atgggaacac aaatgga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 79

LENGTH: 735

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: gene targeting sequence

SEQUENCE: 79

getettegag gggctggtet gaatccttca ggegggtgtt acccgagaaa

cgatttcaaa gcagacccat gtgeecgggece ctgtggectg tgttggegece

ccececectca cccaattgte gecagtttge gecactccata aactcaaaac

gagctgeget gttcaagaac acctctgggg tttgetcace cgegaggteg

tggctatcaa gacgaacagg cagectgtgg agaagectcece gttcacgatce

gcaaggccat ccccgegcac tgtttegage geteggeget tegtageage

cctttgacat cgeggtceatg tcectgetet acgtegegte gacgtacate

cggtgectac gtgggtcaag tacggeatca tgtggecget ctactggtte

gtttgagggt tttggttgcc cgtattgagg tcctggtgge gegeatggag

ctgtcceget gacceecceg gotaccctee cggcacctte cagggegect

tgtctgggtyg tgcgegeacg agtgeggeca ccaggecttt tectccagece

cgacggegtyg ggectggtgt tecacagect getgetggtg cectactact

ctegeacegyg gtace

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 80

LENGTH: 739

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: gene targeting sequence

SEQUENCE: 80

ccgecaccac tccaacacgg ggtgectgga caaggacgag gtgtttgtge

cgcagtggeg cacgagggece tggagtggga ggagtggetg cccatccegca

getggtcace ctgaccctgg getggeceget gtaccteatg ttcaacgteg

gtacccgege ttegecaace actttgacce gtggtcegece atcttcagea

catcgaggtyg gtcatcteeg acctggeget ggtggeggtyg ctcageggge

gggcegcace atgggctggg cetggetggt caagacctac gtggtgecct

gaacatgtgg ctecgtgctceca tcacgetget ccagcacacg cacceggege

cttegagaag gactgggact ggetgegegg cgecatggece accgtggace

ccegecctte atggacaaca tcctgeacca catctecgac acccacgtge

cttcagcace atccegeact accacgecga ggaggectee gecgecatca

tgtgatggac

atcaaacagc

ttgtgctatt

cccaaccgca

actgceecte

taaaccagca

gaaagggtgce
tatgtagtca
agcagcettet
acgcccagca
gggacgctge
atgtacctgyg
gaccctgeac
ttccaggtgt
gagaaggcgce
teggeacggg
aggccatcaa

cctggaagea

cgcegeacceyg

tgggcaaggt

cctegeggece

agcegcegageg

tcagcgtget

acctgategt

tgccgcacta

getecatggg

tgcaccacct

ggcccatect

1980

2040

2100

2160

2220

2280

2327

60

120

180

240

300

360

420

480

540

600

660

720

735

60

120

180

240

300

360

420

480

540

600
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gggcaagtac taccagtceg acagccegetyg ggteggecge gecctgtggyg aggactggeg

cgactgeege tacgtegtee cggacgegee cgaggacgac

gtgagtgagt

gagaagagc

<210> SEQ ID NO 81
<211> LENGTH: 726

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: genomic donor sequence

<400> SEQUENCE: 81

getettegee

cecttttegee

tgcgeegget

ggtccagggt

gcaccgagge

ggaagacagg

atccctacca

cgectgeegec

gcacgetgge

ccececttgeg

ccacccecea

ccteggectyg

ggtacc

gecegecacte
gegetegtge
gagccactge
cctgacgtygyg
cgectecaac
tgaggggggt
gtcatggett
gettetecey
getgegette
cgttagtgtt
caccacctee

cagagaggac

<210> SEQ ID NO 82
<211> LENGTH: 3635

<212> TYPE:

DNA

ctgctegage

gegtegetga

ttcegteegygy

tegeggetet

tggtccteca

atgaattgta

tacctggatg

cacgcttett

gecgatctga

gccatecttt

tcccagacca

agcagtgecc

gegecegege
tgtccatcac
cggccaagag
gggageggge
gcagcegeag
cagaacaacc
acggectgeg
tccagcaceyg
ggacagtcgg
gcagaccggt
attctgtcac

agccgctggg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 82

ctttettgeg

cgctgeatge

getecgatge

attatagcga

ccactegage

caacccgcaa

gCCgCCtggg

gacgccgecyg

ctgteeggeyg

accggegtge

ctgctgggcg

gtgtccatca

ttcgaccacc

ctatgacact

aacaccgatg

cgctecagygy

gctaccaaag

ttgtgatcge

actctagaat

tggagcgect

tgttcegect

ccctgaacga

cectgegeage

aggtgcccgg

tggccgacge

aggccaagca

tccagcaaaa

atgcttegac

cgagcgetgt

ccatattcaa

actccgctaa

atcaatgatc

gtteggetac

gtcegeccag

getgcaggac

cgtgctggac

ccaggacctyg

catgcgeege

ccgcategag

ggtagggcgyg

ccececgaage

ttaaatagcc

acacctagat

gggggegect

gagcaggacyg

gactgggcce

ggcegeccecy

gaggcegece

gtggtgaccg

ctgtectece

ctgcacacce

cgegeccgea

tcegegetet

gtgegecgece
caggtccatg
gagcatgagg
cagcatcatce
tcgecgecga
acgagecttyg
aacagctgte
tgatggcgeyg
ggaactctga
gagagccgac
ctttttggeg

ggttggcgga

relevant expression construct

getgegagac

tcecttegggy

aggcccccga

cactaccact

cttectette

gectecacge

agcagaccat

tgctgttegt

gectgtectyg

aggccggccg

acctggecece

tggacccege

ccegcatgga

ggttccacaa

agcgecettygyg

aggtctgect

gaggactcct

tggctetgee

ccctggcaga

tctaggcaga

cagcgacect

agccagcgece

tcagtctaaa

ttgttgtgeg

aaggcatcgg

tgcacgctca

ggcttecegg

ctgcatggge

ttgcaaagac

tctacacagg

gtttcagtca

cggceteceee

cggetgetee

gaagaccgac

getggecace

cgactggetyg

cgccgagaag

cacctgeecee

ggCngCCtg

660

720

739

60

120

180

240

300

360

420

480

540

600

660

720

726

60

120

180

240

300

360

420

480

540

600

660

720

780
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gtggaccagg acgacctgga cgaggagcac cagggcctgg cccccgcecga gctgttegec 840
cgecctgaagg cccgcatgece cgacggcegag gacctggtgg tgacccacgg cgacgcectgce 900
ctgcccaaca tcatggtgga gaacggccge ttctcegget tcatcgactyg cggecgectg 960

ggegtggeeyg accgctacca ggacatcgece ctggccacce gegacatcge cgaggagetg 1020
ggcggcegagt gggecgacceg cttectggtg ctgtacggea tegecgecce cgactcccag 1080
cgcatcgect tctaccgect getggacgag ttecttcectgac aattggcage agcagcetegg 1140
atagtatcga cacactctgg acgctggtcg tgtgatggac tgttgccgec acacttgetg 1200
ccttgacctg tgaatatccce tgccgcetttt atcaaacage ctcagtgtgt ttgatcttgt 1260
gtgtacgcge ttttgcgagt tgctagetge ttgtgctatt tgcgaatacc acccccagca 1320
tceecttece tegtttcata tegettgcat cccaaccgca acttatctac getgtcectge 1380
tatccctecag cgctgctect getectgcecte actgeccecte gecacagectt ggtttggget 1440
ccgcctgtat tectectggta ctgcaacctg taaaccagca ctgcaatgct gatgcacggg 1500
aagtagtggg atgggaacac aaatggagga tcccgcegtet cgaacagage gcgcagagga 1560
acgctgaagg tctcgectet gtegcaccte agecgcggcat acaccacaat aaccacctga 1620
cgaatgcgcet tggttctteg tcecattagceg aagegtecgg ttcacacacg tgccacgttg 1680
gcgaggtgge aggtgacaat gatcggtgga gctgatggtce gaaacgttca cagcctaggg 1740
atatcgaatt cctttcttge gctatgacac ttccagcaaa aggtagggcg ggctgcgaga 1800
cggctteceg gegctgcatg caacaccgat gatgcttega cecccccgaag ctectteggg 1860
gctgcatggg cgctecgatg ccgcectceccagg gcgagegcetyg tttaaatage caggcccececyg 1920
attgcaaaga cattatagcg agctaccaaa gccatattca aacacctaga tcactaccac 1980
ttctacacag gccactcgag cttgtgatcg cactccgeta agggggcgcece tcettectett 2040
cgtttcagtc acaacccgca aacactagta tggccaccgce atccacttte teggegttca 2100
atgcecegetyg cggegacctg cgtcegetegg cgggeteegyg gecceggege ccagegagge 2160
cceteceegt gegegggege gecccecgact ggteccatget gttegecgtg atcaccacca 2220
tctteteege cgccgagaag cagtggacca acctggagtyg gaagcccaag cccaacccce 2280
ccecagetget ggacgaccac tteggcccce acggectggt gttcecgeccge accttegeca 2340
tcegeageta cgaggtggge cccgaccget ccaccageat cgtggccegtyg atgaaccace 2400
tgcaggaggce cgccctgaac cacgccaagt cegtgggeat cctgggcegac ggctteggea 2460
ccaccctgga gatgtccaag cgcgacctga tetgggtggt gaagegcace cacgtggecg 2520
tggagegeta cccegectgg ggcgacacceg tggaggtgga gtgetgggtyg ggcegectcecg 2580
gcaacaacgyg ccgecgecac gacttectgg tgcgcgactg caagaccggce gagatcctga 2640
ccegetgeac ctceectgage gtgatgatga acacccgcac ccegecgectyg agcaagatce 2700
ccgaggaggt gcegeggegag atcggecceg cettcatega caacgtggece gtgaaggacg 2760
aggagatcaa gaagccccag aagctgaacg actccaccege cgactacatce cagggeggece 2820
tgacceccceeg ctggaacgac ctggacatca accagcacgt gaacaacatc aagtacgtgg 2880
actggatcct ggagaccgtg cccgacagca tcttcgagag ccaccacatce tectecttca 2940
ccatcgagta ccgecgegag tgcaccatgg acagegtget gcagtccctyg accaccgtga 3000
geggeggete ctecgaggee ggectggtgt gegagcacct getgcagetg gagggcggea 3060
gecgaggtget gegegecaag accgagtgge gecccaaget gaccgactece ttecgeggea 3120

tcagegtgat ccccgecgag tecagegtga tggactacaa ggaccacgac ggcegactaca 3180
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aggaccacga catcgactac aaggacgacg acgacaagtyg actcgaggca gcagcagcte 3240
ggatagtatc gacacactct ggacgctggt cgtgtgatgg actgttgeccg ccacacttge 3300
tgccttgace tgtgaatatc cctgccgcett ttatcaaaca gectcagtgt gtttgatctt 3360
gtgtgtacgc gcecttttgcga gttgctaget gettgtgcta tttgcgaata ccacccecag 3420
catccectte cectegttteca tatcgettge atcccaaccg caacttatcet acgectgtect 3480
gctatcecte agecgetgcete ctgcectectge tcactgceccece tegcacagece ttggtttggg 3540
ctccgectgt attctcecctgg tactgcaacce tgtaaaccag cactgcaatg ctgatgcacg 3600
ggaagtagtyg ggatgggaac acaaatggaa agctt 3635
<210> SEQ ID NO 83
<211> LENGTH: 1096
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 83
ccaggcagge ggtagggttg ccgattgett gagcgaattyg gaagatataa ttttttgtgg 60
tgtcectgga cgctgtttgt ggcgctectt tttggagaag attgcegtggyg ggagetttcee 120
atgtaccacg cttecttetg aaaggattcet ggeccgagtece tgatgagcecce aaagaaaaca 180
cctgecttte agtgetggca ctcectgaaaac gtcaacagat gattatacat gtcacaaaag 240
gcagccgatt aggaacggga gctctggeceg ttegtttgge tgectggget gattgaagtg 300
atccaccctyg ttcgaatgaa ggcggtegag tcgaattate gaccggaget gtcgggaagg 360
cgtcegggge agagtgaggt getgcggect ggttgtegtt caaaaagacce ccggtagece 420
aacaatcacg aacgaaagga atataattgc ttgcatacta tacattcagt ttctatgtgg 480
cgggtagaca agtctcatgg gettctaaag getgtccectt gaaggctact tataaaaact 540
tgctgegeca tggcacggat cgcgettgeg caggctgcaa ccectgcegege aaggtcaaat 600
acacagcaaa agatactaac agaatttcta aaaacattta aatatttgtt tcgaccagce 660
aattgtggte gtaggcacgc aaaagacttt gttttgcgec caccgagcat ccacgcetgge 720
agtcaagcca gtccgatgtg cattgegtgg cagcatcgag gagcatcaaa aacctegtge 780
acgcttttet gtcaatcatc atcaaccact ccaccatgta tacccgatge atcgeggtge 840
gecagcgegee acgegtccca gacccgecca aaaacccage agcggcgaaa gcaaatctte 900
acttgcccga aaccccgage agcggcatte acacgtggge gaaaacccca cttgecctaa 960
caggcgtatg tctgctgtca cgatgcctga caacggtatt atagatatac actgattaat 1020
gtttgagtgt gtgcgagtcg cgaatcagga atgaattgct agtaggcact ccgaccgggce 1080
dggggcecgag ggacca 1096
<210> SEQ ID NO 84
<211> LENGTH: 1065
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 84
ggccgacagyg acgcgegtca aaggtgctgg tegtgtatge cctggecgge aggtegttge 60
tgctgetggt tagtgattcce gcaaccctga ttttggegte ttattttgge gtggcaaacy 120
ctggegeceg cgagecggge cggcggegat geggtgcecee acggetgecyg gaatccaagg 180
gaggcaagag cgccecgggte agttgaaggg ctttacgege aaggtacagce cgctectgea 240
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aggctgegtyg
cggacaaagc
tactgatgge
ccctgaaggyg
aggctgtacce
ggtgcaggac
tttectette
gtacgggccee
agggcecgagyg
ttttttgega
taggatcage
taatatcagc
ccaagacatt

cttactgtte

gtggaattgg

accggtgtat

cctagattet

accaccaggg

tgtgatcgag

agctcatgaa

acgagctgta

ttccctcaac

gtttgggacg

taatttatgc

ggcgtaggat

ccgactgect

tcattgtggt

tgtcgacaga

<210> SEQ ID NO 85
<211> LENGTH: 408

<212> TYPE:

DNA

acgtgcaggt

caggtcegtyg

tcatcaaaaa

gecctgagtt

getggeggga

acgccaacaa

attgtcccaa

cctaggtatg

ggcegteecy

aatggactge

ttcgtaatca

gacgccagceg

gcgaagegte

gegggeccac

cctgetgaag

tcatccactce

cgectgagac

gttecttece

aaataggcett

tcgcacaatt

aattctggte

cgcgcatgeg

aaatgcagtt

tctgcaaaat

ttcgtectga

tccacttttyg

cccagttacyg

aggccggtcg

<213> ORGANISM: Chlorella vulgaris

<400> SEQUENCE: 85

gcagcagcag
ccgecacact
tgtgtttgat
ataccaccce
tctacgetgt
gecttggttt

atgctgatge

ctcggatagt

tgctgecttyg

cttgtgtgta

cagcatccee

cctgctatee

gggcetecgee

acgggaagta

<210> SEQ ID NO 86
<211> LENGTH: 120

<212> TYPE:

DNA

atcgacacac

acctgtgaat

cgegettttyg

ttecectegtt

ctcagegetyg

tgtattctce

gtgggatggg

tctggacget

atcecctgeceyg

cgagttgceta

tcatatcget

ctecetgetee

tggtactgca

aacacaaatg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 86

ttcectecace gectcaccag

taaagagctce gactacgacc

acttgcccag gattgaaact

ccegtggega getgecagece

cgtgtgctca ggtcatggga

catgtcaagc taatcagcta

taccgggggt gatccttegt

gtegeegege aactcegegeg

gcacceggat gegtggcace

tctggetetyg tegecaacce

tggggagcta ccgactacce

tgcacacatt ccattcgtge

ctcacctgtt tcccgaccte

cagee

ggtegtgtga tggactgttg
cttttatcaa acagcctcag
getgettgtyg ctatttgega
tgcatcccaa ccgcaactta
tgctcactge ccctegcaca
acctgtaaac cagcactgca

gaggatce

synthetic construct

actagtatgg ccaccgeate cacttteteg gegttcaatg cecgetgegg cgacctgegt

cgcteggegyg geteegggee coggegecca gegaggecee teceegtgeg cgggegegec

<210> SEQ ID NO 87
<211> LENGTH: 1038

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 87

synthetic construct

actagtatgg ccaccgeate cacttteteg gegttcaatg cecgetgegg cgacctgegt

cgcteggegyg geteegggee coggegecca gegaggecee teceegtgeg cgggegegec

cgctectacyg aggtgggeat caacaagace gccaccgtgg agaccatege caacctgetg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1065

60

120

180

240

300

360

408

60

120

60

120

180
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caggaggtgg gctgcaacca cgcccagtee gtgggcettet ccaccgacgyg cttegecace 240
accacctcca tgcgcaagat gcacctgatce tgggtgaceyg cccgcatgca catcgagate 300
tacaagtacc ccgectggte cgacgtggtg gaggtggaga cctggtgeca gtccgaggge 360
cgcateggea cccgecgega ctggatectg accgactacyg ccaccggeca gatcatcgge 420
cgegecacct ccaagtgggt gatgatgaac caggacacce gecgectgca gaaggtgace 480
gacgacgtyge gcgaggagta cctggtgtte tgccceegeg agetgegect ggecttecce 540
gaggagaaca accgctccte caagaagatc tccaagetgg aggaccccge ccagtactece 600
aagctgggee tggtgeccceg ccgcgecgac ctggacatga accagcacgt gaacaacgtg 660
acctacatcg gctgggtgcet ggagtccatce ceccaggaga tcatcgacac ccacgagcetg 720
cagaccatca ccctggacta ccgccgegag tgccagcacyg acgacatcegt ggactcectg 780
acctecegtgg agccectecga gaacctggag gecgtgteceyg agetgcegegyg caccaacgge 840
tcegecacca ccaccgecgg cgacgaggac tgecgcaact tectgcacct getgegectg 900
tceggegacyg gectggagat caaccgegge cgcaccgagt ggcegcaagaa gtccgeccge 960
atggactaca aggaccacga cggcgactac aaggaccacyg acatcgacta caaggacgac 1020
gacgacaagt gaatcgat 1038

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 88
H: 371
PRT

ISM: Ricinus communis

<400> SEQUENCE: 88

Met Leu Lys
1

Ser Ser Gln
Thr Arg Arg
35

Ala Ser Leu
50

Ala Cys Asp
65

Asp Gly Phe

Gly Ile Asn

Glu Val Gly
115

Phe Ala Thr
130

Ala Arg Met
145

Val Glu Val

Arg Asp Trp

Ala Thr Ser

195

Lys Val Thr

Val Pro Cys Cys Asn

Cys Arg Phe Leu Thr

20

Pro Ser Ile Pro Thr

40

Gln Ala Val Val Ser

55

Ser Leu Ala Asn Arg

70

Ser Tyr Lys Glu Lys

85

Lys Thr Ala Thr Val

100

Cys Asn His Ala Gln

120

Thr Thr Ser Met Arg

135

His Ile Glu Ile Tyr
150

Glu Thr Trp Cys Gln

165

Ile Leu Thr Asp Tyr

180

Lys Trp Val Met Met

200

Asp Asp Val Arg Glu

Ala

His

25

Phe

Asp

Leu

Phe

Glu

105

Ser

Lys

Lys

Ser

Ala

185

Asn

Glu

Thr

10

Phe

Phe

Ile

Arg

Ile

90

Thr

Val

Met

Tyr

Glu

170

Thr

Gln

Tyr

Asp

Asn

Ser

Ser

Leu

75

Val

Ile

Gly

His

Pro

155

Gly

Gly

Asp

Leu

Pro Ile Gln

Asn Arg Pro
30

Ser Lys Asn
45

Ser Val Glu

Gly Lys Leu

Arg Ser Tyr

Ala Asn Leu
110

Phe Ser Thr
125

Leu Ile Trp
140

Ala Trp Ser

Arg Ile Gly

Gln Ile Ile
190

Thr Arg Arg
205

Val Phe Cys

Ser Leu
15

Tyr Phe

Ser Ser

Ser Ala

Thr Glu

80

Glu Val
95

Leu Gln

Asp Gly

Val Thr

Asp Val
160

Thr Arg
175
Gly Arg

Leu Gln

Pro Arg
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216

210

Glu Leu Arg
225

Ile Ser Lys

Pro Arg Arg

Tyr Ile Gly

275

His Glu Leu
290

Asp Asp Ile
305

Glu Ala Val
Ala Gly Asp
Gly Asp Gly

355
Ser Ala Arg

370

<210> SEQ I
<211> LENGT.
<212> TYPE:

215

Leu Ala Phe Pro Glu
230

Leu Glu Asp Pro Ala

245

Ala Asp Leu Asp Met

260

Trp Val Leu Glu Ser

280

Gln Thr Ile Thr Leu

295

Val Asp Ser Leu Thr
310

Ser Glu Leu Arg Gly

325

Glu Asp Cys Arg Asn

340

Leu Glu Ile Asn Arg

D NO 89
H: 312
DNA

360

Glu Asn Asn
235

Gln Tyr Ser
250

Asn Gln His
265

Ile Pro Gln

Asp Tyr Arg

Ser Val Glu

315

Thr Asn Gly
330

Phe Leu His
345

Gly Arg Thr

<213> ORGANISM: Chlamydomonas reinhardtii

<400> SEQUENCE: 89

ctttettgeg
cgctgeatge
getecgatge
attatagcga
ccactegage
caacccgcaa
<210> SEQ I

<211> LENGT.
<212> TYPE:

ctatgacact
aacaccgatg
cgctecagygy
gctaccaaag
ttgtgatcge
ac

D NO 90

H: 595
DNA

tccagcaaaa
atgcttegac
cgagcgetgt
ccatattcaa

actccgctaa

ggtagggcgyg
ccececgaage
ttaaatagcc

acacctagat

gggggegect

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

expression cassette

<400> SEQUENCE: 90

actagtatgg

acgctgegea

tacctggect

cctgeacegy

caggtgtgtt

aaggcgectyg

ggaagaacca

ggtcgatgta

ctatcaagac

aggccatcee

ttgacatcge

tgcctacgtyg

tgagggtttt

tccegetgac

gtagagcgge

cgtegacgeg

gaacaggcag

cgegcactgt

ggtcatgtce

ggtcaagtac

ggttgeccegt

cceceecegget

cacatgatge

acgtagagca

cctgtggaga

ttcgagcget

ctgctetacyg

ggcatcatgt

attgaggtcc

accctecegy

cgtacttgac

gggacatgac

220

Arg Ser Ser

Lys Leu Gly

Val Asn Asn

270

Glu Ile Ile
285

Arg Glu Cys
300

Pro Ser Glu

Ser Ala Thr

Leu Leu Arg

350

Glu Trp Arg
365

getgegagac
tcecttegggy
aggcccccga
cactaccact

cttectette

construct FADc portion of the

agccteegtt

cggegetteg

tcgegtegac

ggcegeteta

tggtggegeg

caccttecag

ccacgtagge

cgcgatgtca

Lys Lys
240

Leu Val
255

Val Thr

Asp Thr

Gln His

Asn Leu
320

Thr Thr
335

Leu Ser

Lys Lys

ggcttecegg

ctgcatggge

ttgcaaagac
tctacacagg

gtttcagtca

hairpin RNA

cacgatcggyg
tagcagcatg
gtacatcgac
ctggttette
catggaggag
ggcgegtacyg
accggtgceag

aaggccaggt

60

120

180

240

300

312

60

120

180

240

300

360

420

480
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218

acatgctget acgaagegece gagegctega aacagtgege ggggatggee ttgegcageg

tccegategt gaacggagge ttcetecacag getgectgtt cgtettgata gecat

<210> SEQ ID NO 91
<211> LENGTH: 6101

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 91

getettegee

cecttttegee

tgcgeegget

ggtccagggt

gcaccgagge

ggaagacagg

atccctacca

cgectgeegec

gcacgetgge

ccececttgeg

ccacccecea

ccteggectyg

ggtacccttt

tceceggeget

atgggegete

aaagacatta

cacaggccac

cagtcacaac

gettegeege

acttcacccc

acgccaagtyg

tgttctgggg

tcgecccgaa

acacctecegyg

cctacaacac

cctteaccga

cgaaggtett

actacaagat

tcgecaacga

ccgagcagga

c¢ggecggegy

ccttegacaa

tcttcaacac

gecegecacte

gegetegtge

gagccactge

cctgacgtygyg

cgectecaac

tgaggggggt

gtcatggett

gettetecey

getgegette

cgttagtgtt

caccacctcee

cagagaggac

cttgegetat

gcatgcaaca

cgatgeeget

tagcgageta

tcgagettgt

ccgcaaacgg

caagatcagc

caacaagggc

gcacctgtac

ccacgecacyg

gegcaacgac

cttcttcaac

cceggagtec

gtaccagaag

ctggtacgag

cgagatctac

gggettecte

ccccagcaag

ctccecttcaac

ccagtecege

cgaccegace

ctgctegage

gegtegetga

ttcegteegygy

tegeggetet

tggtccteca

atgaattgta

tacctggatg

cacgcttett

gecgatctga

gccatecttt

tcccagacca

agcagtgecc

gacacttcca

ccgatgatge

ccagggcgag

ccaaagccat

gatcgcactce

cgegecatge

gectecatga

tggatgaacg

ttccagtaca

tccgacgace

tceggegect

gacaccatcg

gaggagcagt

aacccegtge

ceccteccaga

tcctecgacy

ggctaccagt

tcctactggy

cagtactteg

gtggtggact

tacgggagcg

construct FADc

gegecegege

tgtccatcac

cggccaagag

dggagegggce

gcagcegeag

cagaacaacc

acggectgeg

tccagcaceyg

ggacagtcgg

gcagaccggt

attctgtcac

agccgctggg

gcaaaaggta

ttcgacceee

cgctgtttaa

attcaaacac

cgctaagggg

tgctgcagge

cgaacgagac

accccaacgg

acccgaacga

tgaccaactg

tctecggete

accecgegeca

acatctccta

tggccgecaa

agtggatcat

acctgaagtce

acgagtgecc

tgatgttecat

tcggcagett

tcggcaagga

ccctgggeat

gtgegecgece
caggtccatg
gagcatgagg
cagcatcatce
tcgecgecga
acgagecttyg
aacagctgte
tgatggcgeyg
ggaactctga
gagagccgac
ctttttggeg
ggttggcgga
gggcgggetg
cgaagcetect
atagccagge
ctagatcact
gegectette
cttectgtte
gtcegacege
cctgtggtac
caccgtetygyg
ggaggaccag
catggtggty
gegetgegtyg
cagcctggac
ctccacccag

gaccgeggece

ctggaagetyg

cggectgate

ctccatcaac

caacggcace

ctactacgee

CgCgtgggCC

agcgecettygyg

aggtctgect

gaggactcct

tggctetgee

ccctggcaga

tctaggcaga

cagcgacect

agccagcgece

tcagtctaaa

ttgttgtgeg

aaggcatcgg

tgcacgctca

cgagacgget

thgggCth

ccecegattge

accacttcta

ctettegttt

ctgetggecey

ccectggtyge

gacgagaagg

gggacgcect

cccategeca

gactacaaca

gccatcetgga

ggcggctaca

ttcegegace

aagtcccagg

gagtcegegt

gaggtcccca

ceceggegece

cacttcgagyg

ctgcagacct

tccaactggy

540

595

hairpin RNA expression cassette

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



219

US 9,066,527 B2

220
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agtactccge cttegtgece accaacccct ggegctecte catgtcccte gtgecgcaagt 2040
tcteectcaa caccgagtac caggccaacce cggagacgga gctgatcaac ctgaaggccg 2100
agccgatcct gaacatcagce aacgccggece cetggagecyg gttegccacce aacaccacgt 2160
tgacgaaggc caacagctac aacgtcgacce tgtccaacag caccggcacce ctggagtteg 2220
agctggtgta cgccgtcaac accacccaga cgatctccaa gtccecgtgtte geggacctcet 2280
ccetetggtt caagggcctyg gaggacccceg aggagtacct ccgcatggge ttcgaggtgt 2340
ccgegtecte cttettectyg gaccgeggga acagcaaggt gaagttcgtg aaggagaacce 2400
cctacttcac caaccgcatg agcgtgaaca accagccctt caagagcgag aacgacctgt 2460
cctactacaa ggtgtacggc ttgctggacc agaacatcct ggagctgtac ttcaacgacg 2520
gcgacgtegt gtccaccaac acctacttca tgaccaccgg gaacgccctg ggctceccgtga 2580
acatgacgac gggggtggac aacctgttct acatcgacaa gttccaggtg cgcgaggtca 2640
agtgacaatt ggcagcagca gctcggatag tatcgacaca ctctggacgce tggtcecgtgtg 2700
atggactgtt gccgccacac ttgctgectt gacctgtgaa tatccctgece gettttatca 2760
aacagcctca gtgtgtttga tettgtgtgt acgegctttt gegagttget agectgcettgt 2820
gctatttgeg aataccacce ccagcatccce cttceectegt ttcatatcge ttgcatcecca 2880
accgcaactt atctacgctg tectgctatce cctcageget getcectgcte ctgctcactg 2940
ccectegecac agecttggtt tgggceteccge ctgtattete ctggtactge aacctgtaaa 3000
ccagcactge aatgctgatg cacgggaagt agtgggatgg gaacacaaat ggaggatcce 3060
gegtcetegaa cagagcgcege agaggaacgce tgaaggtcte gectetgteg cacctcageg 3120
cggcatacac cacaataacc acctgacgaa tgcgcttggt tcecttegtcca ttagcgaagce 3180
gtcecggttceca cacacgtgce acgttggcga ggtggcaggt gacaatgatc ggtggagetg 3240
atggtcgaaa cgttcacagc ctagggatat cgaattcggce cgacaggacg cgcgtcaaag 3300
gtgctggteg tgtatgccct ggccggcagg tegttgctge tgctggttag tgattcegea 3360
accctgattt tggcgtctta ttttggegtg gcaaacgcetg gecgceccgcga gecgggcecgg 3420
cggcgatgeg gtgcecccacg getgccggaa tcecaagggag gcaagagege ccgggtcagt 3480
tgaagggctt tacgcgcaag gtacagccgce tcctgcaagg ctgcegtggtg gaattggacg 3540
tgcaggtcct gectgaagtte ctceccaccgcece tcaccagegg acaaagcacce ggtgtatcag 3600
gtcegtgtceca tceccactctaa agagctcgac tacgacctac tgatggccct agattcttcea 3660
tcaaaaacgc ctgagacact tgcccaggat tgaaactccce tgaagggacce accaggggcce 3720
ctgagttgtt cctteccceee gtggcgagct gccagccagg ctgtacctgt gatcgaggcet 3780
ggcgggaaaa taggcttcgt gtgctcaggt catgggaggt gcaggacagc tcatgaaacyg 3840
ccaacaatcg cacaattcat gtcaagctaa tcagctattt cctcttcacg agctgtaatt 3900
gtcccaaaat tcectggtctac cgggggtgat ccttegtgta cgggceccttce cctcaaccct 3960
aggtatgcge gcatgeggtce gecgcgeaac tegegcegagyg gcecgagggtt tgggacggge 4020
cgtceccgaaa tgcagttgca cccggatgcg tggcaccttt tttgcgataa tttatgcaat 4080
ggactgctcet gcaaaattct ggctcectgteg ccaaccctag gatcagcggce gtaggattte 4140
gtaatcattc gtecctgatgg ggagctaccg actaccctaa tatcagcccg actgcectgac 4200
gccagcegtec acttttgtge acacattcca ttcecgtgccca agacatttca ttgtggtgeg 4260
aagcgtecce agttacgcte acctgtttce cgacctectt actgttctgt cgacagagceg 4320
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ggeccacagyg ccggtegcag ccactagtat ggctatcaag acgaacaggce agectgtgga 4380
gaagccteeg ttcacgatcg ggacgctgeg caaggccatce cccgcecgcact gtttcecgageg 4440
ctcggegett cgtagcagca tgtacctgge ctttgacatc geggtcatgt cectgctcta 4500
cgtcgegteg acgtacatcg accctgcacce ggtgcctacg tgggtcaagt acggcatcat 4560
gtggccgete tactggttcet tceccaggtgtg tttgagggtt ttggttgeccce gtattgaggt 4620
cetggtggeg cgcatggagg agaaggegece tgtcecegetyg acccecccegyg ctaccctece 4680
ggcaccttece agggcgcgta cgggaagaac cagtagagceg gcecacatgat gecgtacttg 4740
acccacgtag gcaccggtgce agggtcgatg tacgtcgacyg cgacgtagag cagggacatg 4800
accgegatgt caaaggccag gtacatgetg ctacgaageg ccgagcegcete gaaacagtge 4860
gcggggatgg ccttgcgcag cgteccgatce gtgaacggag gcecttcteccac aggctgectg 4920
ttegtettga tagccatcte gaggcagcag cagctcggat agtatcgaca cactctggac 4980
gctggtegtyg tgatggactg ttgccgcecac acttgectgec ttgacctgtg aatatcectg 5040
ccgcttttat caaacagcct cagtgtgttt gatcttgtgt gtacgegctt ttgcgagttg 5100
ctagctgett gtgctatttg cgaataccac ccccagcatc ceccttecccte gtttcatatce 5160
gcttgcatee caaccgcaac ttatctacge tgtcctgcta tcecctcageg ctgcectectge 5220
tcetgetecac tgccectege acagecttgg tttgggetcece gectgtatte tectggtact 5280
gcaacctgta aaccagcact gcaatgctga tgcacgggaa gtagtgggat gggaacacaa 5340
atggaaagct gtagagctcet tgttttccag aaggagttge tceccttgagece tttcattcte 5400
agcctcgata acctccaaag ccgctctaat tgtggagggg gttcgaattt aaaagcettgg 5460
aatgttggtt cgtgcgtctyg gaacaagccce agacttgttg ctcactggga aaaggaccat 5520
cagctccaaa aaacttgccg ctcaaaccgce gtacctcetge tttcecgegcaa tetgecctgt 5580
tgaaatcgcce accacattca tattgtgacg cttgagcagt ctgtaattgce ctcagaatgt 5640
ggaatcatct geccectgtg cgageccatg ccaggcatgt cgegggegag gacacccgec 5700
actcgtacag cagaccatta tgctacctca caatagttca taacagtgac catatttctce 5760
gaagctceece aacgagcacce tccatgetcect gagtggccac cccccggecce tggtgettge 5820
ggagggcagyg tcaaccggca tggggctacce gaaatccccg accggatccce accaccccecyg 5880
cgatgggaag aatctctcce cgggatgtgg geccaccacce agcacaacct gctggeccag 5940
gcgagcgtca aaccatacca cacaaatatc cttggcatceg gecctgaatt ccttetgecyg 6000
ctctgctace cggtgcttet gteccgaagca ggggttgcta gggatcgcte cgagtccgca 6060
aacccttgte gegtggceggg gettgttcecga gcttgaagag ¢ 6101
<210> SEQ ID NO 92

<211> LENGTH: 595

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: construct FADc portion of the hairpin RNA

expression cassette

<400> SEQUENCE: 92

actagtatgg ctatcaagac gaacaggcag cctgtggaga agcctecegtt cacgatceggg 60
acgctgegea aggccatcee cgegecactgt ttegageget cggegetteg tagcagcatg 120
tacctggect ttgacatecge ggtcatgtee ctgetctacg tegegtcegac gtacatcgac 180

cctgecacegyg tgcctacgtg ggtcaagtac ggcatcatgt ggeegetcta ctggttette 240
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-continued
caggtgtgtt tgagggtttt ggttgccegt attgaggtce tggtggegeg catggaggag 300
aaggcgcectg tcccgetgac cccccegget accctecegg caccttecag ggcegegtacyg 360
ggaagaacca gtagagcggc cacatgatgc cgtacttgac ccacgtaggc accggtgcag 420
ggtcgatgta cgtcgacgcg acgtagagca gggacatgac cgcgatgtca aaggccaggt 480
acatgctgcet acgaagcgcce gagcegctcga aacagtgcege ggggatggece ttgegcageg 540
tccegategt gaacggagge ttctccacag gctgcectgtt cgtcttgata gecat 595

<210> SEQ ID NO 93
<211> LENGTH: 5348

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 93

getettegee

cecttttegee

tgcgeegget

ggtccagggt

gcaccgagge

ggaagacagg

atccctacca

cgectgeegec

gcacgetgge

ccececttgeg

ccacccecea

ccteggectyg

ggtacccttt

tceceggeget

atgggegete

aaagacatta

cacaggccac

cagtcacaac

gettegeege

acttcacccc

acgccaagtyg

tgttctgggg

tcgecccgaa

acacctecegyg

cctacaacac

cctteaccga

cgaaggtett

actacaagat

tcgecaacga

gecegecacte

gegetegtge

gagccactge

cctgacgtygyg

cgectecaac

tgaggggggt

gtcatggett

gettetecey

getgegette

cgttagtgtt

caccacctcee

cagagaggac

cttgegetat

gcatgcaaca

cgatgeeget

tagcgageta

tcgagettgt

ccgcaaacgg

caagatcagc

caacaagggc

gcacctgtac

ccacgecacyg

gegcaacgac

cttcttcaac

cceggagtec

gtaccagaag

ctggtacgag

cgagatctac

gggettecte

ctgctegage

gegtegetga

ttcegteegygy

tegeggetet

tggtccteca

atgaattgta

tacctggatg

cacgcttett

gecgatctga

gccatecttt

tcccagacca

agcagtgecc

gacacttcca

ccgatgatge

ccagggcgag

ccaaagccat

gatcgcactce

cgegecatge

gectecatga

tggatgaacg

ttccagtaca

tccgacgace

tceggegect

gacaccatcg

gaggagcagt

aacccegtge

ceccteccaga

tcctecgacy

ggctaccagt

gegecegege

tgtccatcac

cggccaagag

dggagegggce

gcagcegeag

cagaacaacc

acggectgeg

tccagcaceyg

ggacagtcgg

gcagaccggt

attctgtcac

agccgctggg

gcaaaaggta

ttcgacceee

cgctgtttaa

attcaaacac

cgctaagggg

tgctgcagge

cgaacgagac

accccaacgg

acccgaacga

tgaccaactg

tctecggete

accecgegeca

acatctccta

tggccgecaa

agtggatcat

acctgaagtce

acgagtgecc

gtgegecgece

caggtccatg

gagcatgagg

cagcatcatce

tcgecgecga

acgagecttyg

aacagctgte

tgatggcgcg

ggaactctga

gagagccgac

ctttttggeg

ggttggcgga

gggcgggetg

cgaagcetect

atagccagge

ctagatcact

gegectette

cttectgtte

gtcegacege

cctgtggtac

caccgtetygyg

ggaggaccag

catggtggtg

gegetgegtyg

cagcctggac

ctccacccag

gaccgeggece

ctggaagetyg

cggectgate

agcgecettygyg

aggtctgect

gaggactcct

tggctetgee

ccctggcaga

tctaggcaga

cagcgacect

agccagcgece

tcagtctaaa

ttgttgtgeg

aaggcatcgg

tgcacgctca

cgagacgget

thgggCth

ccecegattge

accacttcta

ctettegttt

ctgetggecey

ccectggtyge

gacgagaagg

gggacgcect

cccategeca

gactacaaca

gccatcetgga

ggcggctaca

ttcegegace

aagtcccagg

gagtcegegt

gaggtcccca

construct FADc hairpin RNA expression cassette

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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ccgagcagga ccccagcaag tcecctactggg tgatgttcecat ctccatcaac cccggcgecce 1800
cggcecggegg ctecttcaac cagtacttceg tcecggcagett caacggcacce cacttcgagg 1860
ccttecgacaa ccagtccege gtggtggact tcggcaagga ctactacgece ctgcagacct 1920
tcttecaacac cgacccgace tacgggageg cectgggeat cgegtgggece tccaactggg 1980
agtactccge cttegtgece accaacccct ggegctecte catgtcccte gtgecgcaagt 2040
tcteectcaa caccgagtac caggccaacce cggagacgga gctgatcaac ctgaaggccg 2100
agccgatcct gaacatcagce aacgccggece cetggagecyg gttegccacce aacaccacgt 2160
tgacgaaggc caacagctac aacgtcgacce tgtccaacag caccggcacce ctggagtteg 2220
agctggtgta cgccgtcaac accacccaga cgatctccaa gtccecgtgtte geggacctcet 2280
ccetetggtt caagggcctyg gaggacccceg aggagtacct ccgcatggge ttcgaggtgt 2340
ccgegtecte cttettectyg gaccgeggga acagcaaggt gaagttcgtg aaggagaacce 2400
cctacttcac caaccgcatg agcgtgaaca accagccctt caagagcgag aacgacctgt 2460
cctactacaa ggtgtacggc ttgctggacc agaacatcct ggagctgtac ttcaacgacg 2520
gcgacgtegt gtccaccaac acctacttca tgaccaccgg gaacgccctg ggctceccgtga 2580
acatgacgac gggggtggac aacctgttct acatcgacaa gttccaggtg cgcgaggtca 2640
agtgacaatt ggcagcagca gctcggatag tatcgacaca ctctggacgce tggtcecgtgtg 2700
atggactgtt gccgccacac ttgctgectt gacctgtgaa tatccctgece gettttatca 2760
aacagcctca gtgtgtttga tettgtgtgt acgegctttt gegagttget agectgcettgt 2820
gctatttgeg aataccacce ccagcatccce cttceectegt ttcatatcge ttgcatcecca 2880
accgcaactt atctacgctg tectgctatce cctcageget getcectgcte ctgctcactg 2940
ccectegecac agecttggtt tgggceteccge ctgtattete ctggtactge aacctgtaaa 3000
ccagcactge aatgctgatg cacgggaagt agtgggatgg gaacacaaat ggaggatcce 3060
gegtcetegaa cagagcgcege agaggaacgce tgaaggtcte gectetgteg cacctcageg 3120
cggcatacac cacaataacc acctgacgaa tgcgcttggt tcecttegtcca ttagcgaagce 3180
gtcecggttceca cacacgtgce acgttggcga ggtggcaggt gacaatgatc ggtggagetg 3240
atggtcgaaa cgttcacagc ctagggatat cgaattcctt tcecttgcgcta tgacacttcece 3300
agcaaaaggt agggcgggct gcgagacgge tteccggege tgcatgcaac accgatgatg 3360
cttcgaccece ccgaagctece tteggggcectg catgggeget ccgatgceccge tecagggcega 3420
gcgetgttta aatagccagg cccccgattg caaagacatt atagcgagcet accaaagcca 3480
tattcaaaca cctagatcac taccacttct acacaggcca ctcgagcttg tgatcgcact 3540
ccgctaaggg ggcgectett cctettegtt tcagtcacaa cccgcaaaca ctagtatggce 3600
tatcaagacg aacaggcagc ctgtggagaa gcctccegtte acgatcggga cgctgegcaa 3660
ggccatceee gegcactgtt tcgagcecgete ggcgettegt agcagcatgt acctggectt 3720
tgacatcgecg gtcatgtcecece tgctctacgt cgegtcgacg tacatcgacce ctgcaccggt 3780
gcctacgtgg gtcaagtacg gcatcatgtg geccgcectctac tggttcettcece aggtgtgttt 3840
gagggttttg gttgccecgta ttgaggtect ggtggcgcge atggaggaga aggcgcectgt 3900
ccegetgace ccceeggeta cectceeegge accttecagyg gegegtacgyg gaagaaccag 3960
tagagcggcce acatgatgcec gtacttgacce cacgtaggca ccggtgcagg gtcgatgtac 4020
gtegacgega cgtagagcag ggacatgacce gcgatgtcaa aggccaggta catgetgceta 4080
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cgaagegeceg agcegetcgaa acagtgegeg gggatggect tgegcagegt cccgategtg 4140
aacggaggct tctccacagg ctgcctgtte gtettgatag ccatctcgag gcagcagcag 4200
ctcggatagt atcgacacac tctggacgct ggtegtgtga tggactgttg ccgccacact 4260
tgctgecttg acctgtgaat atccctgccg cttttatcaa acagcctcag tgtgtttgat 4320
cttgtgtgta cgcgcttttyg cgagttgcta gctgcttgtg ctatttgcga ataccaccce 4380
cagcatccce ttcectegtt tcecatatcgcet tgcatcccaa ccgcaactta tcectacgetgt 4440
cctgctatee ctcagecgetg ctectgectcee tgctcactge cectegcaca gecttggttt 4500
gggctcecgee tgtattctcee tggtactgca acctgtaaac cagcactgca atgctgatge 4560
acgggaagta gtgggatggg aacacaaatg gaaagctgta gagctcttgt tttccagaag 4620
gagttgctece ttgageccttt cattctcage ctcgataacc tccaaageccg ctctaattgt 4680
ggagggggtt cgaatttaaa agcttggaat gttggttcgt gegtctggaa caagcccaga 4740
cttgttgctce actgggaaaa ggaccatcag ctccaaaaaa cttgccgctce aaaccgcgta 4800
cctetgettt cgcgcaatcet gecctgttga aatcgccacce acattcatat tgtgacgett 4860
gagcagtctg taattgcctce agaatgtgga atcatctgec ccctgtgega gcccatgeca 4920
ggcatgtege gggcgaggac acccgecact cgtacagcag accattatgce tacctcacaa 4980
tagttcataa cagtgaccat atttctcgaa gctccccaac gagcacctcecce atgctcectgag 5040
tggccaccee ccggecectgg tgcttgegga gggcaggtea accggcatgyg ggctaccgaa 5100
atccecgace ggatcccacce acccccgega tgggaagaat cteteccegyg gatgtgggece 5160
caccaccagce acaacctygct ggcccaggeg agegtcaaac cataccacac aaatatcctt 5220
ggcatcggec ctgaattcct tctgeccgete tgctacccecgg tgcttetgte cgaagcaggyg 5280
gttgctaggg atcgctccga gtecgcaaac ccttgtcecgeg tggcggggcet tgttcecgaget 5340
tgaagagce 5348
<210> SEQ ID NO 94
<211> LENGTH: 1220
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: construct FADc portion of the hairpin RNA

expression cassette
<400> SEQUENCE: 94
actagttcac ttgtggaacc agagcgegga gtegtcecteg ggegegteceyg ggacgacgta 60
geggcagteyg cgecagtect cccacagggce geggcecgacce cagceggetgt cggactggta 120
gtacttgcee aggatgggee tgatggegge ggaggectcee teggegtggt agtgcgggat 180
ggtgctgaag aggtggtgca gcacgtgggt gtceggagatg tggtgcagga tgttgtccat 240
gaagggcegygyg cccatggage ggtccacggt ggccatggeg cegegcagec agtcccagtce 300
cttetegaag tagtgeggca gegcecgggtyg cgtgtgetgyg agcagcegtga tgagcacgag 360
ccacatgtte acgatcaggt agggcaccac gtaggtcttyg accagccagyg cccageccat 420
ggtgceggecee agcacgctga gcccegetgag caccgecace agegcecaggt cggagatgac 480
cacctecgatg cgctegeget tgctgaagat gggcgaccac gggtcaaagt ggttggcgaa 540
gegegggtac ggecgegagg cgacgttgaa catgaggtac ageggcecagce ccagggtcag 600
ggtgaccage accttgccca tgcggatggg cagccactcee teccactcca ggecctegty 660
cgcecactgeg cggtgeggceg gcacaaacac ctegtecttyg tecaggcace ccegtgttgga 720
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gtggtggegyg cggtgcgagt gettccagga gtagtaggge accagcagca ggetgtggaa 780

caccaggecce acgcegtegt tgatggectyg getggaggaa aaggectggt ggecgcacte 840
gtgcgegeac acccagacac ccegtgecgaa ggegecctgg aaggtgecegyg gagggtagec 900
gggggggtca gecgggacagg cgccttctee tccatgegeg ccaccaggac ctcaatacgg 960
gcaaccaaaa ccctcaaaca cacctggaag aaccagtaga gcggccacat gatgecgtac 1020

ttgacccacg taggcaccgg tgcagggtceg atgtacgteg acgcgacgta gagcagggac 1080
atgaccgcga tgtcaaaggc caggtacatg ctgctacgaa gcgecgageyg ctcgaaacag 1140
tgcgecgggga tggcecttgeg cagcecgteccg atcgtgaacg gaggcttcte cacaggctgce 1200
ctgttcgtet tgatagccat 1220
<210> SEQ ID NO 95

<211> LENGTH: 6726

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: construct FADc hairpin RNA expression cassette

<400> SEQUENCE: 95

getettegee geegecacte ctgetegage gegeccgege gtgegecgeco agegecttgg 60
ccttttegee gegetegtge gegtegetga tgtccatcac caggtecatg aggtcetgect 120
tgcgecegget gagecactge ttegteeggg cggccaagag gagcatgagg gaggactect 180
ggtccagggt cctgacgtgg tegeggetet gggageggge cagcatcatce tggetctgec 240
gecaccgagge cgcectccaac tggtectcca gecagecgcag tegecgecga ccctggeaga 300
ggaagacagg tgaggggggt atgaattgta cagaacaacc acgagccttyg tctaggcaga 360
atccctacca gtcatggett tacctggatg acggectgeg aacagetgte cagegaccct 420
cgctgecgee getteteceg cacgettett tecageaceg tgatggegeg agecagegece 480
gecacgetgge getgegette gecgatctga ggacagtcegg ggaactctga tcagtctaaa 540
ccececttgeg cgttagtgtt gecatccttt gecagaceggt gagagecgac ttgttgtgeg 600
ccacccccca caccacctece teccagacca attctgtcac ctttttggeg aaggcatcegg 660
ccteggectyg cagagaggac agcagtgece agecgetggg ggttggegga tgcacgetca 720
ggtacccttt cttgegetat gacacttcca gcaaaaggta gggcegggetyg cgagacgget 780
tcceggeget geatgecaaca ccgatgatge ttegacccee cgaagetect teggggetge 840
atgggcgete cgatgecget ccagggegag cgetgtttaa atagecagge ccccgattge 900
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 960

cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 1020

cagtcacaac ccgcaaacgg cgcgccatge tgctgcagge cttectgtte ctgectggecg 1080

gettegeege caagatcage gectccatga cgaacgagac gtccgaccge ccectggtge 1140

acttcaccce caacaagggce tggatgaacg accccaacgg cetgtggtac gacgagaagg 1200

acgccaagtg gcacctgtac ttccagtaca acccgaacga cacegtcetgg gggacgcecct 1260

tgttctgggyg ccacgecacg tecgacgace tgaccaactg ggaggaccag cccatcgeca 1320

tcgcececgaa gecgcaacgac tecggcegect tcetecggete catggtggtg gactacaaca 1380

acaccteccgg cttcecttcaac gacaccatcg accecgcgeca gegctgegtg gecatctgga 1440

cctacaacac cccggagtee gaggagcagt acatctecta cagectggac ggeggctaca 1500

ccttcaccga gtaccagaag aacccegtge tggecgecaa ctccacceag tteegegace 1560
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cgaaggtctt ctggtacgag ccctceccaga agtggatcat gaccgecggece aagtcccagg 1620
actacaagat cgagatctac tcctccgacg acctgaagtc ctggaagctg gagtccgegt 1680
tcgccaacga gggcttecte ggctaccagt acgagtgcecce cggcectgatce gaggtceccca 1740
ccgagcagga ccccagcaag tcecctactggg tgatgttcecat ctccatcaac cccggcgecce 1800
cggcecggegg ctecttcaac cagtacttceg tcecggcagett caacggcacce cacttcgagg 1860
ccttecgacaa ccagtccege gtggtggact tcggcaagga ctactacgece ctgcagacct 1920
tcttecaacac cgacccgace tacgggageg cectgggeat cgegtgggece tccaactggg 1980
agtactccge cttegtgece accaacccct ggegctecte catgtcccte gtgecgcaagt 2040
tcteectcaa caccgagtac caggccaacce cggagacgga gctgatcaac ctgaaggccg 2100
agccgatcct gaacatcagce aacgccggece cetggagecyg gttegccacce aacaccacgt 2160
tgacgaaggc caacagctac aacgtcgacce tgtccaacag caccggcacce ctggagtteg 2220
agctggtgta cgccgtcaac accacccaga cgatctccaa gtccecgtgtte geggacctcet 2280
ccetetggtt caagggcctyg gaggacccceg aggagtacct ccgcatggge ttcgaggtgt 2340
ccgegtecte cttettectyg gaccgeggga acagcaaggt gaagttcgtg aaggagaacce 2400
cctacttcac caaccgcatg agcgtgaaca accagccctt caagagcgag aacgacctgt 2460
cctactacaa ggtgtacggc ttgctggacc agaacatcct ggagctgtac ttcaacgacg 2520
gcgacgtegt gtccaccaac acctacttca tgaccaccgg gaacgccctg ggctceccgtga 2580
acatgacgac gggggtggac aacctgttct acatcgacaa gttccaggtg cgcgaggtca 2640
agtgacaatt ggcagcagca gctcggatag tatcgacaca ctctggacgce tggtcecgtgtg 2700
atggactgtt gccgccacac ttgctgectt gacctgtgaa tatccctgece gettttatca 2760
aacagcctca gtgtgtttga tettgtgtgt acgegctttt gegagttget agectgcettgt 2820
gctatttgeg aataccacce ccagcatccce cttceectegt ttcatatcge ttgcatcecca 2880
accgcaactt atctacgctg tectgctatce cctcageget getcectgcte ctgctcactg 2940
ccectegecac agecttggtt tgggceteccge ctgtattete ctggtactge aacctgtaaa 3000
ccagcactge aatgctgatg cacgggaagt agtgggatgg gaacacaaat ggaggatcce 3060
gegtcetegaa cagagcgcege agaggaacgce tgaaggtcte gectetgteg cacctcageg 3120
cggcatacac cacaataacc acctgacgaa tgcgcttggt tcecttegtcca ttagcgaagce 3180
gtcecggttceca cacacgtgce acgttggcga ggtggcaggt gacaatgatc ggtggagetg 3240
atggtcgaaa cgttcacagc ctagggatat cgaattcggce cgacaggacg cgcgtcaaag 3300
gtgctggteg tgtatgccct ggccggcagg tegttgctge tgctggttag tgattcegea 3360
accctgattt tggcgtctta ttttggegtg gcaaacgcetg gecgceccgcga gecgggcecgg 3420
cggcgatgeg gtgcecccacg getgccggaa tcecaagggag gcaagagege ccgggtcagt 3480
tgaagggctt tacgcgcaag gtacagccgce tcctgcaagg ctgcegtggtg gaattggacg 3540
tgcaggtcct gectgaagtte ctceccaccgcece tcaccagegg acaaagcacce ggtgtatcag 3600
gtcegtgtceca tceccactctaa agagctcgac tacgacctac tgatggccct agattcttcea 3660
tcaaaaacgc ctgagacact tgcccaggat tgaaactccce tgaagggacce accaggggcce 3720
ctgagttgtt cctteccceee gtggcgagct gccagccagg ctgtacctgt gatcgaggcet 3780
ggcgggaaaa taggcttcgt gtgctcaggt catgggaggt gcaggacagc tcatgaaacyg 3840
ccaacaatcg cacaattcat gtcaagctaa tcagctattt cctcttcacg agctgtaatt 3900
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gtcccaaaat tcectggtctac cgggggtgat ccttegtgta cgggceccttce cctcaaccct 3960
aggtatgcge gcatgeggtce gecgcgeaac tegegcegagyg gcecgagggtt tgggacggge 4020
cgtceccgaaa tgcagttgca cccggatgcg tggcaccttt tttgcgataa tttatgcaat 4080
ggactgctcet gcaaaattct ggctcectgteg ccaaccctag gatcagcggce gtaggattte 4140
gtaatcattc gtecctgatgg ggagctaccg actaccctaa tatcagcccg actgcectgac 4200
gccagcegtec acttttgtge acacattcca ttcecgtgccca agacatttca ttgtggtgeg 4260
aagcgtecce agttacgcte acctgtttce cgacctectt actgttctgt cgacagagceg 4320
ggcccacagg ccggtecgcag ccactagttce acttgtggaa ccagagcgcg gagtcecgtect 4380
cgggegegte cgggacgacg tagcggcagt cgegecagte cteccacagyg gcegeggecga 4440
cccageggcet gtcecggactgg tagtacttge ccaggatggg cctgatggeg geggaggect 4500
ccteggegtg gtagtgcggg atggtgctga agaggtggtg cagcacgtgg gtgtcggaga 4560
tgtggtgcag gatgttgtcc atgaagggcg ggcccatgga gecggtccacg gtggcecatgg 4620
cgeccgegecag ccagtcccag tecttcetcecga agtagtgegg cagcgecggg tgcgtgtget 4680
ggagcagcegt gatgagcacg agccacatgt tcacgatcag gtagggcacc acgtaggtct 4740
tgaccagcca ggcccagece atggtgegge ccagcacget gageccgetyg agcaccgcca 4800
ccagegecag gtcggagatg accacctega tgegetegeg cttygctgaag atgggegace 4860
acgggtcaaa gtggttggcg aagcgegggt acggecgega ggcgacgttyg aacatgaggt 4920
acagcggcca gcccagggtce agggtgacca geaccttgece catgeggatyg ggcagecact 4980
ccteccacte caggeccteg tgcgccactg cgeggtgegyg cggcacaaac acctegtect 5040
tgtccaggca cccegtgttyg gagtggtgge ggcggtgcga gtgcttccag gagtagtagg 5100
gcaccagcag caggctgtgg aacaccaggce ccacgecgte gttgatggec tggetggagyg 5160
aaaaggcctyg gtggecgcac tecgtgegege acacccagac acccegtgecyg aaggegecct 5220
ggaaggtgcece gggagggtag ccgggggggt cagcegggaca ggcgecttet cctecatgeg 5280
cgccaccagg acctcaatac gggcaaccaa aaccctcaaa cacacctgga agaaccagta 5340
gagcggccac atgatgeccgt acttgaccca cgtaggcacc ggtgcagggt cgatgtacgt 5400
cgacgcgacg tagagcaggg acatgaccge gatgtcaaag gccaggtaca tgctgctacg 5460
aagcgecgag cgctcgaaac agtgcgeggg gatggecttyg cgcagegtece cgatcgtgaa 5520
cggaggcttce tccacaggcet gectgttcegt cttgatagec atctcgagge agcagcagct 5580
cggatagtat cgacacactc tggacgctgg tcgtgtgatg gactgttgcce geccacacttg 5640
ctgccttgac ctgtgaatat ccctgccgcet tttatcaaac agcctcagtg tgtttgatct 5700
tgtgtgtacg cgcttttgeg agttgctage tgcttgtget atttgcgaat accaccccca 5760
gcatcceett cectegttte atatcgettg catcccaacce gcaacttatce tacgectgtcece 5820
tgctatcecct cagcgctget ccectgctectg ctcactgece ctcecgcacage cttggtttgg 5880
gcteegecetyg tattctectg gtactgcaac ctgtaaacca gcactgcaat gctgatgcac 5940
gggaagtagt gggatgggaa cacaaatgga aagctgtaga gctcttgttt tccagaagga 6000
gttgctcett gagectttca ttctcagect cgataacctce caaagccgcet ctaattgtgg 6060
agggggttcg aatttaaaag cttggaatgt tggttcgtgce gtctggaaca agcccagact 6120
tgttgctcac tgggaaaagg accatcagct ccaaaaaact tgccgctcaa accgcgtacce 6180
tctgcttteg cgcaatctge cctgttgaaa tcgccaccac attcatattg tgacgcttga 6240
gcagtctgta attgcctcag aatgtggaat catctgccecce ctgtgcgagce ccatgccagg 6300
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catgtcgegg gcgaggacac ccgccactcg tacagcagac cattatgcta cctcacaata 6360
gttcataaca gtgaccatat ttctcgaagc tccccaacga gcacctceccat gctcectgagtyg 6420
geecaccceee ggeectggtyg cttgeggagg gcaggtcaac cggcatgggg ctaccgaaat 6480
ccecgacegg atcccaccac ccccgegatg ggaagaatcet ctecccggga tgtgggecca 6540
ccaccagcac aacctgcetgg cccaggegag cgtcaaacca taccacacaa atatccttgg 6600
catcggecct gaattcctte tgeccgcetcetg ctacccecggtg cttetgtceceg aagcaggggt 6660
tgctagggat cgctccgagt ccgcaaacce ttgtcgegtg geggggcttg ttecgagettg 6720
aagagc 6726
<210> SEQ ID NO 96
<211> LENGTH: 1220
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: construct FADc portion of the hairpin RNA

expression cassette
<400> SEQUENCE: 96
actagttcac ttgtggaacc agagcgegga gtegtcecteg ggegegteceyg ggacgacgta 60
geggcagteyg cgecagtect cccacagggce geggcecgacce cagceggetgt cggactggta 120
gtacttgcee aggatgggee tgatggegge ggaggectcee teggegtggt agtgcgggat 180
ggtgctgaag aggtggtgca gcacgtgggt gtceggagatg tggtgcagga tgttgtccat 240
gaagggcegygyg cccatggage ggtccacggt ggccatggeg cegegcagec agtcccagtce 300
cttetegaag tagtgeggca gegcecgggtyg cgtgtgetgyg agcagcegtga tgagcacgag 360
ccacatgtte acgatcaggt agggcaccac gtaggtcttyg accagccagyg cccageccat 420
ggtgceggecee agcacgctga gcccegetgag caccgecace agegcecaggt cggagatgac 480
cacctecgatg cgctegeget tgctgaagat gggcgaccac gggtcaaagt ggttggcgaa 540
gegegggtac ggecgegagg cgacgttgaa catgaggtac ageggcecagce ccagggtcag 600
ggtgaccage accttgccca tgcggatggg cagccactcee teccactcca ggecctegty 660
cgcecactgeg cggtgeggceg gcacaaacac ctegtecttyg tecaggcace ccegtgttgga 720
gtggtggegy cggtgcgagt gcettccagga gtagtaggge accagcagca ggcetgtggaa 780
caccaggcce acgcecgtegt tgatggectg getggaggaa aaggectggt ggccgcacte 840
gtgcgegeac acccagacac ccgtgecgaa ggcegecctgg aaggtgecgg gagggtagece 900
gggggggtca gcgggacagg cgccttcectece tecatgegeg ccaccaggac ctcaatacgg 960
gcaaccaaaa ccctcaaaca cacctggaag aaccagtaga gcggccacat gatgccgtac 1020
ttgacccacg taggcaccgg tgcagggtceg atgtacgteg acgcgacgta gagcagggac 1080
atgaccgcga tgtcaaaggc caggtacatg ctgctacgaa gcgecgageyg ctcgaaacag 1140
tgcgecgggga tggcecttgeg cagcecgteccg atcgtgaacg gaggcttcte cacaggctgce 1200
ctgttcgtet tgatagccat 1220

<210> SEQ ID NO 97
<211> LENGTH: 5973

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 97

construct FADc hairpin RNA expression cassette
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gctettegee geccegecacte ctgctcegage gegcecccegege gtgegecegec agegcecttgg 60
cecttttegec gegctegtge gegtcecgetga tgtccatcac caggtccatg aggtctgect 120
tgcgeegget gagccactge ttegtceggg cggccaagag gagcatgagg gaggactcct 180
ggtccagggt cctgacgtgg tcgeggctcet gggagceggge cagcatcatce tggctcetgec 240
gcaccgagge cgcctccaac tggtcctcca gcagccgcag tcegecgcecga ccctggcaga 300
ggaagacagg tgaggggggt atgaattgta cagaacaacc acgagccttg tctaggcaga 360
atccctacca gtcatggett tacctggatg acggcctgeg aacagctgtce cagecgaccct 420
cgetgecgec gcettctceceg cacgcttcett tccagcaceg tgatggegeg agcocagcegcec 480
gcacgctgge gctgegette gecgatctga ggacagtcegg ggaactctga tcagtctaaa 540
ccececttgeg cgttagtgtt gecatccttt gcagaccggt gagagccgac ttgttgtgeg 600
ccacccccca caccacctce tcccagacca attctgtcac ctttttggeg aaggcatcgg 660
ccteggectg cagagaggac agcagtgccce ageccgcetggg ggttggegga tgcacgctca 720
ggtacccttt cttgegctat gacacttcca gcaaaaggta gggcegggcetg cgagacgget 780
tcceggeget gcatgcaaca ccgatgatge ttcgacccee cgaagctcect teggggetge 840
atgggcgcetce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattge 900
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 960

cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 1020
cagtcacaac ccgcaaacgg cgcgccatge tgctgcagge cttectgtte ctgectggecg 1080
gettegeege caagatcage gcectcecatga cgaacgagac gtccgaccge ceectggtge 1140
acttcaccce caacaagggc tggatgaacg accccaacgg cctgtggtac gacgagaagg 1200
acgccaagtg gcacctgtac ttccagtaca acccgaacga caccgtcetgyg gggacgecct 1260
tgttetgggg ccacgcecacg tccgacgace tgaccaactyg ggaggaccag cccatcgceca 1320
tcgcececgaa gecgcaacgac tecggcegect tcetecggete catggtggtg gactacaaca 1380
acaccteccgg cttcecttcaac gacaccatcg accecgcgeca gegctgegtg gecatctgga 1440
cctacaacac cccggagtce gaggagcagt acatctcecta cagectggac ggcggctaca 1500
ccttecaccga gtaccagaag aacccegtge tggecgccaa ctecacccag ttcecegegace 1560
cgaaggtctt ctggtacgag ccctceccaga agtggatcat gaccgecggece aagtcccagg 1620
actacaagat cgagatctac tcctccgacg acctgaagtc ctggaagctg gagtccgegt 1680
tcgccaacga gggcttecte ggctaccagt acgagtgcecce cggcectgatce gaggtceccca 1740
ccgagcagga ccccagcaag tcecctactggg tgatgttcecat ctccatcaac cccggcgecce 1800
cggcecggegg ctecttcaac cagtacttceg tcecggcagett caacggcacce cacttcgagg 1860
ccttecgacaa ccagtccege gtggtggact tcggcaagga ctactacgece ctgcagacct 1920
tcttecaacac cgacccgace tacgggageg cectgggeat cgegtgggece tccaactggg 1980
agtactccge cttegtgece accaacccct ggegctecte catgtcccte gtgecgcaagt 2040
tcteectcaa caccgagtac caggccaacce cggagacgga gctgatcaac ctgaaggccg 2100
agccgatcct gaacatcagce aacgccggece cetggagecyg gttegccacce aacaccacgt 2160
tgacgaaggc caacagctac aacgtcgacce tgtccaacag caccggcacce ctggagtteg 2220
agctggtgta cgccgtcaac accacccaga cgatctccaa gtccecgtgtte geggacctcet 2280

ccetetggtt caagggcctyg gaggacccceg aggagtacct ccgcatggge ttcgaggtgt 2340
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ccgegtecte cttettectyg gaccgeggga acagcaaggt gaagttcgtg aaggagaacce 2400
cctacttcac caaccgcatg agcgtgaaca accagccctt caagagcgag aacgacctgt 2460
cctactacaa ggtgtacggc ttgctggacc agaacatcct ggagctgtac ttcaacgacg 2520
gcgacgtegt gtccaccaac acctacttca tgaccaccgg gaacgccctg ggctceccgtga 2580
acatgacgac gggggtggac aacctgttct acatcgacaa gttccaggtg cgcgaggtca 2640
agtgacaatt ggcagcagca gctcggatag tatcgacaca ctctggacgce tggtcecgtgtg 2700
atggactgtt gccgccacac ttgctgectt gacctgtgaa tatccctgece gettttatca 2760
aacagcctca gtgtgtttga tettgtgtgt acgegctttt gegagttget agectgcettgt 2820
gctatttgeg aataccacce ccagcatccce cttceectegt ttcatatcge ttgcatcecca 2880
accgcaactt atctacgctg tectgctatce cctcageget getcectgcte ctgctcactg 2940
ccectegecac agecttggtt tgggceteccge ctgtattete ctggtactge aacctgtaaa 3000
ccagcactge aatgctgatg cacgggaagt agtgggatgg gaacacaaat ggaggatcce 3060
gegtcetegaa cagagcgcege agaggaacgce tgaaggtcte gectetgteg cacctcageg 3120
cggcatacac cacaataacc acctgacgaa tgcgcttggt tcecttegtcca ttagcgaagce 3180
gtcecggttceca cacacgtgce acgttggcga ggtggcaggt gacaatgatc ggtggagetg 3240
atggtcgaaa cgttcacagc ctagggatat cgaattcctt tcecttgcgcta tgacacttcece 3300
agcaaaaggt agggcgggct gcgagacgge tteccggege tgcatgcaac accgatgatg 3360
cttcgaccece ccgaagctece tteggggcectg catgggeget ccgatgceccge tecagggcega 3420
gcgetgttta aatagccagg cccccgattg caaagacatt atagcgagcet accaaagcca 3480
tattcaaaca cctagatcac taccacttct acacaggcca ctcgagcttg tgatcgcact 3540
ccgctaaggg ggcgectett cctettegtt tcagtcacaa cccgcaaaca ctagttcact 3600
tgtggaacca gagcgeggag tcgtcectegg gegegteegyg gacgacgtag cggcagtcege 3660
gecagtecte ccacagggeg cggecgacce ageggcetgte ggactggtag tacttgecca 3720
ggatgggect gatggcggcg gaggcctect cggcecgtggta gtgcgggatg gtgctgaaga 3780
ggtggtgcag cacgtgggtg tcggagatgt ggtgcaggat gttgtccatg aagggcgggce 3840
ccatggagcg gtccacggtg gccatggcge cgcgcagceca gtcccagtcece ttectcgaagt 3900
agtgcggcag cgccgggtge gtgtgctgga gcagcgtgat gagcacgagce cacatgttca 3960
cgatcaggta gggcaccacg taggtcttga ccagccagge ccageccatyg gtgeggecca 4020
gcacgctgayg cccgetgage accgecacca gegccaggte ggagatgacc acctcegatge 4080
gctegegett getgaagatg ggcgaccacg ggtcaaagtyg gttggcgaag cgcgggtacy 4140
geegegagge gacgttgaac atgaggtaca gcggccagec cagggtcagg gtgaccagea 4200
ccttgeccat geggatggge agccactcect cccactcecag gecctegtge gecactgege 4260
ggtgcggegyg cacaaacacce tcgtecttgt ccaggcaccee cgtgttggag tggtggeggce 4320
ggtgcgagtyg cttccaggag tagtagggca ccagcagcag getgtggaac accaggccca 4380
cgecgtegtt gatggcctgg ctggaggaaa aggcctggtg gecgcacteg tgcgcegcaca 4440
cccagacace cgtgecgaag gegcecctgga aggtgccggyg agggtagecyg ggggggtcag 4500
cgggacagge gecttetect ccatgegege caccaggace tcaatacggg caaccaaaac 4560
cctcaaacac acctggaaga accagtagag cggccacatyg atgccgtact tgacccacgt 4620
aggcaccggt gcagggtcga tgtacgtcga cgecgacgtag agcagggaca tgaccgcgat 4680
gtcaaaggcce aggtacatge tgctacgaag cgccgagege tcgaaacagt gegeggggat 4740
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ggcettgege agegtcccga tcgtgaacgg aggcttctec acaggctgece tgttegtett 4800
gatagccatc tcgaggcagce agcagctcgg atagtatcga cacactctgg acgctggtceg 4860
tgtgatggac tgttgccgec acacttgctg ccttgacctg tgaatatcce tgccgetttt 4920
atcaaacagc ctcagtgtgt ttgatcttgt gtgtacgcege ttttgcgagt tgctagctgce 4980
ttgtgctatt tgcgaatacc acccccagca tccecttece tegtttcata tegettgeat 5040
cccaaccgca acttatctac getgtcectge tatccctcecag cgctgcectect getectgete 5100
actgccecte gecacagcectt ggtttgggct ccgectgtat tectcectggta ctgcaacctg 5160
taaaccagca ctgcaatgct gatgcacggg aagtagtggg atgggaacac aaatggaaag 5220
ctgtagagct cttgttttcc agaaggagtt gcteccttgag cctttcatte tcagectcega 5280
taacctccaa agccgctcecta attgtggagg gggttcgaat ttaaaagctt ggaatgttgg 5340
ttegtgegte tggaacaagce ccagacttgt tgctcactgg gaaaaggacc atcagctcca 5400
aaaaacttgc cgctcaaacc gecgtacctcet gctttecgege aatctgceccct gttgaaatcg 5460
ccaccacatt catattgtga cgcttgagca gtctgtaatt gecctcagaat gtggaatcat 5520
ctgceccctyg tgcgagecca tgccaggeat gtegegggeyg aggacaccceyg ccactcegtac 5580
agcagaccat tatgctacct cacaatagtt cataacagtg accatatttc tcgaagctcce 5640
ccaacgagca cctcecatget ctgagtggece accccccegge cctggtgett geggagggca 5700
ggtcaaccgyg catggggcta ccgaaatccce cgaccggatce ccaccacccce cgegatggga 5760
agaatctcte cccgggatgt gggcccacca ccagcacaac ctgctggece aggcgagcegt 5820
caaaccatac cacacaaata tccttggcat cggccctgaa ttceccttcectge cgctctgeta 5880
cceggtgett ctgtecgaag caggggttge tagggatcege tccgagtccg caaacccttg 5940
tcgegtggeg gggcttgtte gagcecttgaag agce 5973
<210> SEQ ID NO 98

<211> LENGTH: 1221

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: codon-optimized construct

<400> SEQUENCE: 98

actagtatgg ccaccgeate cacttteteg gegttcaatg cecgetgegg cgacctgegt 60
cgcteggegyg geteegggee coggegecca gegaggecee teceegtgeg cgggegegec 120
gaggtgcacg tgcaggtgac ccactccctyg geccccgaga agegegagat cttcaactec 180
ctgaacaact gggcccagga gaacatcetg gtgetgetga aggacgtgga caagtgetgg 240
cagcecteeg acttectgee cgactecgee tecgaggget tegacgagea ggtgatggag 300
ctgcegcaage gctgcaagga gatccccgac gactacttea tegtgetggt gggcgacatg 360
atcaccgagg aggccctgece cacctaccag accatgetga acaccetgga cggegtgege 420
gacgagaccg gcgectecct gacccectgyg gecatctgga ceegegectyg gaccgecgag 480
gagaaccgcee acggcgacct getgaacaag tacctgtace tgtccggecyg cgtggacatg 540
aagcagatcg agaagaccat ccagtacctg ateggcteeg geatggacce ccgcaccgag 600
aacaacccct acctgggett catctacace tecttecagg agegegecac cttcatctece 660
cacggcaaca ccgcccgect ggccaaggag cacggcgace tgaagetgge ccagatctge 720

ggcatcatcg ccgccgacga gaagcgccac gagaccgect acaccaagat cgtggagaag 780
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ctgttcgaga tcgaccccga cggcaccgtg ctggccctgg ccgacatgat gcgcaagaag 840
gtgtccatge ccgecccacct gatgtacgac ggccaggacg acaacctgtt cgagaacttc 900
teccteegtgg ceccagegect gggegtgtac accgccaagg actacgccga catcctggag 960

tteectggtgg gecgetggga catcgagaag ctgaccggece tgtcecggega gggecgcaag 1020
geecaggact acgtgtgcac cctgecccce cgcatecgee gectggagga gegegeccag 1080
tceecgegtga agaaggccte cgccacccce ttetectgga tectteggeeg cgagatcaac 1140
ctgatggact acaaggacca cgacggcgac tacaaggacc acgacatcga ctacaaggac 1200
gacgacgaca agtgaatcga t 1221
<210> SEQ ID NO 99

<211> LENGTH: 390

<212> TYPE: PRT

<213> ORGANISM: Olea europae

<400> SEQUENCE: 99

Met Ala Leu Lys Leu Cys Phe Pro Pro His Lys Met Pro Ser Phe Pro
1 5 10 15

Asp Ala Arg Ile Arg Ser His Arg Val Phe Met Ala Ser Thr Ile His
20 25 30

Ser Pro Ser Met Glu Val Gly Lys Val Lys Lys Pro Phe Thr Pro Pro
35 40 45

Arg Glu Val His Val Gln Val Thr His Ser Leu Ala Pro Glu Lys Arg
50 55 60

Glu Ile Phe Asn Ser Leu Asn Asn Trp Ala Gln Glu Asn Ile Leu Val
65 70 75 80

Leu Leu Lys Asp Val Asp Lys Cys Trp Gln Pro Ser Asp Phe Leu Pro
85 90 95

Asp Ser Ala Ser Glu Gly Phe Asp Glu Gln Val Met Glu Leu Arg Lys
100 105 110

Arg Cys Lys Glu Ile Pro Asp Asp Tyr Phe Ile Val Leu Val Gly Asp
115 120 125

Met Ile Thr Glu Glu Ala Leu Pro Thr Tyr Gln Thr Met Leu Asn Thr
130 135 140

Leu Asp Gly Val Arg Asp Glu Thr Gly Ala Ser Leu Thr Pro Trp Ala
145 150 155 160

Ile Trp Thr Arg Ala Trp Thr Ala Glu Glu Asn Arg His Gly Asp Leu
165 170 175

Leu Asn Lys Tyr Leu Tyr Leu Ser Gly Arg Val Asp Met Lys Gln Ile
180 185 190

Glu Lys Thr Ile Gln Tyr Leu Ile Gly Ser Gly Met Asp Pro Arg Thr
195 200 205

Glu Asn Asn Pro Tyr Leu Gly Phe Ile Tyr Thr Ser Phe Gln Glu Arg
210 215 220

Ala Thr Phe Ile Ser His Gly Asn Thr Ala Arg Leu Ala Lys Glu His
225 230 235 240

Gly Asp Leu Lys Leu Ala Gln Ile Cys Gly Ile Ile Ala Ala Asp Glu
245 250 255

Lys Arg His Glu Thr Ala Tyr Thr Lys Ile Val Glu Lys Leu Phe Glu
260 265 270

Ile Asp Pro Asp Gly Thr Val Leu Ala Leu Ala Asp Met Met Arg Lys
275 280 285

Lys Val Ser Met Pro Ala His Leu Met Tyr Asp Gly Gln Asp Asp Asn
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290 295 300
Leu Phe Glu Asn Phe Ser Ser Val Ala Gln Arg Leu Gly Val Tyr Thr
305 310 315 320
Ala Lys Asp Tyr Ala Asp Ile Leu Glu Phe Leu Val Gly Arg Trp Asp
325 330 335
Ile Glu Lys Leu Thr Gly Leu Ser Gly Glu Gly Arg Lys Ala Gln Asp
340 345 350
Tyr Val Cys Thr Leu Pro Pro Arg Ile Arg Arg Leu Glu Glu Arg Ala
355 360 365
Gln Ser Arg Val Lys Lys Ala Ser Ala Thr Pro Phe Ser Trp Ile Phe
370 375 380
Gly Arg Glu Ile Asn Leu
385 390
<210> SEQ ID NO 100
<211> LENGTH: 726
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 100
getettegee gecgecacte ctgetegage gegecegege gtgcegecgec agegecttgg 60
cettttegee gegetegtge gegtcegetga tgtcecatcac caggtccatyg aggtcetgect 120
tgcgecgget gagcecactge ttegteeggg cggccaagag gagcatgagyg gaggactcect 180
ggtccagggt cctgacgtgg tcegeggetcet gggageggge cagcatcatce tggetctgece 240
gcaccgagge cgectccaac tggtectcca gecagecgcag tegecgecga cectggcaga 300
ggaagacagyg tgaggggggt atgaattgta cagaacaacc acgagccttg tctaggcaga 360
atccctacca gtcatggett tacctggatg acggectgeyg aacagctgte cagcgaccct 420
cgetgecgee getteteceg cacgettett tecagcaceyg tgatggegeyg agccagegece 480
gcacgetgge getgegette gecgatctga ggacagtcegg ggaactctga tcagtctaaa 540
cceecttgeg cgttagtgtt gecatccttt gecagaccggt gagagccgac ttgttgtgeg 600
ccacceccca caccacctcee tcccagacca attcectgtcac ctttttggeg aaggcatcgg 660
ccteggecty cagagaggac agcagtgecce agecgcetggyg ggttggcegga tgcacgetca 720
ggtacc 726
<210> SEQ ID NO 101
<211> LENGTH: 749
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 101
gagctccttyg tttteccagaa ggagttgecte cttgagectt tcattctcag cctcegataac 60
ctccaaagee getctaattyg tggagggggt tcgaatttaa aagettggaa tgttggtteg 120
tgcegtetgga acaagcccag acttgttget cactgggaaa aggaccatca gctccaaaaa 180
acttgccget caaaccgegt acctctgett tegegcaate tgccctgttyg aaatcgecac 240
cacattcata ttgtgacgct tgagcagtct gtaattgect cagaatgtgg aatcatctge 300
ccectgtgeg ageccatgece aggcatgteg cgggcgagga cacccgcecac tcegtacagca 360
gaccattatyg ctacctcaca atagttcata acagtgacca tatttctcga agctccccaa 420
cgagcaccte catgcetctga gtggccacce ceeggecctyg gtgettgegyg agggcaggte 480
aaccggcatg gggctaccga aatccccgac cggatcccac cacccccgeyg atgggaagaa 540
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tctetecceyg

ccataccaca

gtgcttetgt

gtggegggge

ggatgtggge

caaatatcct

ccaccaccag cacaacctge tggeccaggce gagegtcaaa

tggcatcgge cctgaattee ttetgecget ctgetacceg

ccgaagcagg ggttgctagg gatcgeteeg agtecgcaaa cecttgtege

ttgttecgage

<210> SEQ ID NO 102
<211> LENGTH: 719

<212> TYPE:

DNA

ttgaagagc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 102

gggctggtct

gcagacccat

cccaattgte

gttcaagaac

gacgaacagg

ccecegegeac

cgeggteatg

gtgggtcaag

tttggttgee

gacccececyg

tgcgegeacy

ggCCtggtgt

gaatccttea

gthnggCC

gecagtttge

acctetggygyg

cagectgtygyg

tgtttegage

tcecetgetet

tacggcatca

cgtattgagyg

gctacectee

agtgcggeca

tccacagect

<210> SEQ ID NO 103
<211> LENGTH: 732

<212> TYPE

: DNA

ggcgggtgtt
ctgtggectyg
gcactccata
tttgctcace
agaagcctec
geteggeget
acgtcgegte
tgtggceget
tcectggtgge
cggcacctte
ccaggecttt

gCthtggtg

acccgagaaa

tgttggcgee

aactcaaaac

cgcgaggtcg

gttcacgatc

tcgtagcage

gacgtacatc

ctactggtte

gegcatggag

cagggegect

tcctecagee

ccctactact

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 103

ccgecaccac

cgcagtggcg

getggtcace

gtacccgege

catcgaggtyg

gggcecgcace

gaacatgtgg

cttegagaag

cecegeectte

cttecagcace

gggcaagtac

cgactgeege

gtgagtgagt

tccaacacgg

cacgagggec

ctgaccctygyg

ttcgccaace

gtcatcteeyg

atgggctggg

ctcgtgetca

gactgggact

atggacaaca

atccegeact

taccagtceg

tacgtegtec

ga

ggtgcctgga

tggagtggga

getggecget

actttgaccc

acctggeget

cctggetggt

tcacgetget

ggctgegegy

tcctgeacca

accacgccga

acagcegetyg

cggacgegec

caaggacgag

ggagtggctg

gtacctcatg

gtggtegece

ggtggeggtyg

caagacctac

ccagcacacg

cgccatggec

catctecgac

ggaggcctee

ggthgCCgC

cgaggacgac

synthetic construct

gaaagggtgce
tatgtagtca
agcagcettet
acgcccagca
gggacgctge
atgtacctgyg
gaccctgeac
ttccaggtgt
gagaaggcgce
teggeacggg
aggccatcaa

cctggaagea

synthetic construct

gtgtttgtge

cccatecgea

ttcaacgtcyg

atcttcagca

ctcageggge

gtggtgcect

cacccggege

accgtggace

acccacgtge

gecgecatca

gCCCtgtggg

tcegegetet

cgatttcaaa

ceceecectea

gagectgeget

tggctatcaa

gcaaggccat

cctttgacat

cggtgectac

gtttgagggt

ctgtceeget

tgtctgggtg

cgacggcgtg

ctecgeaccey

cgcegeacceyg

tgggcaaggt

cctegeggece

agcegcegageg

tcagcgtget

acctgategt

tgccgcacta

getecatggg

tgcaccacct

ggcccatect

aggactggcg

ggttccacaa

600

660

720

749

60

120

180

240

300

360

420

480

540

600

660

719

60

120

180

240

300

360

420

480

540

600

660

720

732
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<210> SEQ ID NO 104

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Leu

Pro

Ser

Leu

65

Ile

Ile

Gly

Pro

145

Gly

Gly

Asp

Leu

Asn

225

Ser

Pro

Arg

Glu

305

Ser

Leu

Glu

Gly

Ala

Arg

Val

Leu

50

Gly

Arg

Ala

Phe

Leu

130

Ala

Lys

Glu

Thr

Val

210

Asn

Arg

Val

Glu

Arg

290

Pro

Val

Leu

Trp

Asp
370

Thr

Arg

Arg

35

Arg

Ser

Cys

Asn

Ser

115

Ile

Trp

Val

Val

Arg

195

Phe

Ser

Leu

Asn

Ile

275

Glu

Leu

Ser

Arg

Arg

355

Tyr

Ala

Ser

20

Gly

Glu

Leu

Tyr

Leu

100

Thr

Trp

Ser

Gly

Ile

180

Arg

Cys

Met

Gly

Asn

260

Ile

Cys

Gly

Pro

Ser
340

Lys

Lys

384

Carthamus tinctorius

104

Ser

5

Ala

Arg

Ala

Thr

Glu

85

Leu

Asp

Val

Asp

Thr

165

Gly

Leu

Pro

Lys

Leu

245

Val

Asp

Gln

Asn

Lys
325
Ala

Lys

Asp

Thr

Gly

Ala

Asp

Glu

70

Val

Gln

Gly

Thr

Val

150

Arg

Arg

Gln

Arg

Lys

230

Val

Thr

Thr

Arg

Ala

310

Lys

Gly

Pro

His

Phe

Ser

Ala

Lys

55

Asp

Gly

Glu

Phe

Ala

135

Ile

Arg

Ala

Lys

Thr

215

Ile

Pro

Tyr

His

Asp

295

Ala

Asp

Ser

Ala

Asp
375

Ser

Gly

Thr

40

Glu

Gly

Ile

Val

Ala

120

Arg

Glu

Asp

Thr

Val

200

Leu

Pro

Arg

Ile

Glu

280

Asp

Gly

Glu

Gly

Lys

360

Ile

Ala

Pro

25

Gly

Lys

Leu

Asn

Gly

105

Thr

Met

Ile

Trp

Ser

185

Ser

Arg

Lys

Arg

Gly

265

Leu

Ile

Val

Gln

Leu
345

Arg

Asp

Phe

10

Arg

Glu

Ser

Ser

Lys

90

Gly

Thr

His

Glu

Ile

170

Lys

Asp

Leu

Leu

Ser

250

Trp

Gln

Val

Lys

Asp

330

Glu

Met

Tyr

Asn

Arg

Gln

Leu

Tyr

75

Thr

Asn

Thr

Ile

Thr

155

Leu

Trp

Asp

Ala

Glu

235

Asp

Ala

Ala

Asp

Phe

315

Leu

Ile

Asp

Lys

Ala

Pro

Pro

Gly

60

Lys

Ala

His

Thr

Glu

140

Trp

Lys

Val

Val

Phe

220

Asp

Leu

Leu

Ile

Ser

300

Lys

Ser

Asn

Tyr

Asp
380

Arg

Ala

Ser

45

Asn

Glu

Thr

Ala

Met

125

Ile

Val

Asp

Met

Arg

205

Pro

Pro

Asp

Glu

Thr

285

Leu

Glu

Arg

Arg

Lys

365

Asp

Cys

Arg

Gly

Arg

Lys

Ile

Gln

110

Arg

Tyr

Gln

Tyr

Met

190

Glu

Glu

Ala

Met

Ser

270

Leu

Thr

Ile

Phe

Cys
350

Asp

Asp

Gly

15

Pro

Val

Leu

Phe

Glu

95

Gly

Lys

Arg

Gly

Ala

175

Asn

Glu

Glu

Glu

Asn

255

Ile

Asp

Ser

Asn

Met
335
Arg

His

Asp

Asp

Leu

Ala

Arg

Val

80

Thr

Val

Leu

Tyr

Glu

160

Asn

Glu

Tyr

Asn

Tyr

240

Lys

Pro

Tyr

Arg

Gly

320

His

Thr

Asp

Lys
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<210> SEQ ID NO 105

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Cuphea wrightii

PRT

<400> SEQUENCE:

Met Val Val Ala

1

Pro

Leu

Ser

65

Pro

Arg

Arg

Gly

Ser

145

Thr

Arg

Tyr

Ser

225

Thr

Gln

Ile

Arg

Gly

305

Asn

Leu

Cys

Lys

Arg

Ser

Lys

50

Leu

Pro

Thr

Leu

Ser

130

Ile

Leu

Gly

Asp

Pro

210

Gly

Gly

Lys

Ala

Lys

290

Leu

Val

Glu

Gly

Val

Pro

Gln

35

Ala

Lys

Pro

Ala

Asp

115

Glu

Arg

Met

Leu

Leu

195

Thr

Lys

Glu

Thr

Pro

275

Leu

Thr

Lys

Thr

Arg
355

Gly

Thr

20

Pro

Asn

Ser

Arg

Ile

100

Arg

Thr

Ser

Asn

Leu

180

Ile

Trp

Ile

Ile

Arg

260

His

His

Pro

Tyr

Gln
340

Glu

Asp

408

105

Ala

5

Pro

Phe

Val

Gly

Thr

85

Thr

Lys

Ile

Tyr

His

165

Asn

Trp

Gly

Gly

Leu

245

Arg

Phe

Lys

Gly

Ile
325
Glu

Ser

Arg

Ala

Lys

Lys

Ser

Ser

70

Phe

Thr

Ser

Val

Glu

150

Leu

Asp

Val

Asp

Met

230

Val

Phe

Val

Phe

Trp

310

Gly

Leu

Val

Ser

Ala

Pro

Pro

Pro

55

Leu

Leu

Val

Lys

Gln

135

Ile

Gln

Gly

Leu

Thr

215

Gly

Arg

Ser

Asp

Asp

295

Asn

Trp

Cys

Val

Gln

Ser

Gly

Lys

40

His

Asn

Asn

Phe

Arg

120

Asp

Gly

Asp

Phe

Thr

200

Val

Arg

Ala

Lys

Ala

280

Val

Asp

Ile

Ser

Glu
360

Tyr

Ser

Lys

25

Ser

Pro

Thr

Gln

Val

105

Pro

Gly

Ala

Thr

Gly

185

Lys

Glu

Glu

Thr

Leu

265

Pro

Lys

Phe

Leu

Leu
345

Ser

Gln

Ala

10

Phe

Asn

Lys

Leu

Leu

90

Ala

Asp

Leu

Asp

Ser

170

Arg

Met

Ile

Trp

Ser

250

Pro

Pro

Thr

Asp

Glu

330

Thr

Val

His

Phe

Gly

Pro

Ala

Glu

75

Pro

Ala

Met

Val

Arg

155

Leu

Thr

Gln

Asn

Leu

235

Ala

Cys

Val

Gly

Val

315

Ser

Leu

Thr

Leu

Phe

Asn

Asn

Asn

60

Asp

Asp

Glu

Leu

Phe

140

Thr

Asn

Pro

Ile

Ser

220

Ile

Trp

Glu

Ile

Asp

300

Asn

Met

Glu

Ser

Leu

Pro

Trp

Gly

45

Gly

Pro

Trp

Lys

Val

125

Arg

Ala

His

Glu

Val

205

Trp

Ser

Ala

Val

Glu

285

Ser

Gln

Pro

Tyr

Met
365

Arg

Val

Pro

30

Arg

Ser

Pro

Ser

Gln

110

Asp

Glu

Ser

Cys

Met

190

Val

Phe

Asp

Met

Arg

270

Asp

Ile

His

Thr

Arg
350

Asn

Leu

Pro

15

Ser

Phe

Ala

Ser

Arg

Phe

Trp

Arg

Ile

Lys

175

Cys

Asn

Ser

Cys

Met

255

Gln

Asn

Cys

Val

Glu

335

Arg

Pro

Glu

Ala

Ser

Gln

Val

Ser

80

Leu

Thr

Phe

Phe

Glu

160

Ser

Thr

Arg

Gln

Asn

240

Asn

Glu

Asp

Lys

Ser

320

Val

Glu

Ser

Asp



US 9,066,527 B2
253 254

-continued

370 375 380

Gly Ala Asp Ile Met Lys Gly Arg Thr Glu Trp Arg Pro Lys Asn Ala
385 390 395 400

Gly Thr Asn Arg Ala Ile Ser Thr
405

<210> SEQ ID NO 106

<211> LENGTH: 1155

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized sequence

<400> SEQUENCE: 106

atggccaccg catccacttt cteggegtte aatgeceget geggegacct gegtegeteg 60
gegggeteeyg ggecceggeg cecagegagyg ccccteeceg tgegegggeyg cgecgecaca 120
ggcgagcage cctceeggegt ggectcecctyg cgcegaggeceg acaaggagaa gtecctggge 180
aaccgectge gectgggete cctgaccgag gacggectgt cctacaagga gaagttegtg 240
atccgetget acgaggtggg catcaacaag accgecacca tegagaccat cgccaacctg 300
ctgcaggagg tgggceggcaa ccacgeccag ggegtggget tetecacega cggettegece 360
accaccacca ccatgegcaa gctgcacctyg atctgggtga cegecegeat gcacatcgag 420
atctaccget acccegectyg gtecgacgtyg atcgagateg agacctgggt gcagggcegag 480
ggcaaggtgg gcacccgeeg cgactggate ctgaaggact acgccaacgyg cgaggtgatc 540
ggcegegeca cctccaagtg ggtgatgatyg aacgaggaca cccgecgect gcagaaggtg 600
tccgacgacyg tgcgcegagga gtacctggtg ttetgeccee geaccetgeg cctggectte 660
cccgaggaga acaacaactce catgaagaag atccccaage tggaggacce cgecgagtac 720
tcecegectgyg gectggtgee cegecgetee gacctggaca tgaacaagca cgtgaacaac 780
gtgacctaca tcggetggge cctggagtee atcccccceg agatcatcga cacccacgag 840
ctgcaggeca tcaccctgga ctaccgecge gagtgecage gegacgacat cgtggactece 900
ctgacctece gegageccct gggcaacgee gecggegtga agttcaagga gatcaacgge 960

tcegtgtece ccaagaagga cgagcaggac ctgtccceget tcatgcacct getgegetcece 1020
geeggeteeyg gectggagat caaccgetge cgcaccgagt ggcgcaagaa gceccgccaag 1080
cgcatggact acaaggacca cgacggcgac tacaaggacce acgacatcga ctacaaggac 1140
gacgacgaca agtga 1155
<210> SEQ ID NO 107

<211> LENGTH: 1236

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: codon optimized sequence

<400> SEQUENCE: 107

atggtggtgyg ccgeegecge cagcagegece ttetteeceg tgcecgecce ccgecccace 60
cccaageccg gcaagttegg caactggece agecagectga gecagecctt caageccaag 120
agcaacccca acggecgett ccaggtgaag gecaacgtga geccccacgg gegegeccece 180
aaggccaacyg gcagcgecgt gagectgaag tceggcagec tgaacacect ggaggacccce 240
cccagcageco cccceccceg caccttectg aaccagetge cegactggag ccgectgege 300

accgccatca ccaccegtgtt cgtggecgee gagaageagt tcaccegect ggaccgcaag 360
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agcaagcgcc ccgacatgcet ggtggactgg ttcecggcageg agaccatcgt gcaggacggce 420
ctggtgttcc gecgagegett cagcatccge agctacgaga tceggcgecga ccgcaccgcec 480
agcatcgaga ccctgatgaa ccacctgcag gacaccagcec tgaaccactyg caagagcegtg 540
ggcctgectga acgacggett cggccgcacce cccgagatgt gcaccecgega cctgatctgg 600
gtgctgacca agatgcagat cgtggtgaac cgctacccca cctggggcga caccgtggag 660
atcaacagct ggttcagcca gagcggcaag atcggcatgg gcecgcgagtyg gctgatcagce 720
gactgcaaca ccggcgagat cctggtgege gecaccageg cctgggccat gatgaaccag 780
aagacccgcec gcttcagcaa gctgccctge gaggtgegec aggagatcgce cccccactte 840
gtggacgcce ccccegtgat cgaggacaac gaccgcaagce tgcacaagtt cgacgtgaag 900
accggcgaca gcatctgcaa gggcectgacce cccggctgga acgacttcga cgtgaaccag 960

cacgtgagca acgtgaagta catcggctgg attctggaga gcatgcccac cgaggtgetg 1020

gagacccagg agctgtgcag cctgaccctyg gagtaccegee gegagtgegyg ccgegagagce 1080

gtggtggaga gcgtgaccag catgaaccce agcaaggtgg gcgaccgcag ccagtaccag 1140

cacctgetge gectggagga cggegecgac atcatgaagg gecgcacega gtggegeccce 1200

aagaacgccg gcaccaaccg cgccatcage acctga 1236

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 108

LENGTH: 612

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: construct 5' donor DNA sequence of Prototheca
moriformis FATAl knockout homologous recombination targeting
construct

<400> SEQUENCE: 108

getettegga gtcactgtge cactgagtte gactggtage tgaatggagt cgetgetcca 60
ctaaacgaat tgtcagcacc gecagecgge cgaggacceg agtcatageg agggtagtag 120
cgegecatgg caccgaccag cctgettgee agtactggeg tetetteege ttetetgtgg 180
tcctetgege getccagege gtgegetttt ceggtggate atgeggtecg tggegcacceg 240
cagceggeoge tgcccatgea gegecgetge ttecgaacag tggeggteag ggecgcacece 300
geggtageeg tcegtceegga accegeccaa gagttttggg agcagettga geectgeaag 360

atggcggagyg acaagcgcat cttectggag gagcaceggt gegtggaggt ceggggetga 420

ceggecgteg cattcaacgt aatcaatcge atgatgatca gaggacacga agtcttggtg 480
geggtggeca gaaacactgt ccattgcaag ggcataggga tgcgttectt cacctctceat 540
ttctecattte tgaatcccte cctgctecact ctttetecte ctectteceyg ttcacgcage 600
attcggggta cc 612
<210> SEQ ID NO 109

<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 528

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: construct 3' donor DNA sequence of Prototheca

moriformis FATAl knockout homologous recombination targeting
construct

SEQUENCE: 109

gacagggtgg ttggctggat ggggaaacgc tggtcegeggg attcgatcct getgettata 60
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tcctecctgg aagcacacce acgactctga agaagaaaac gtgcacacac acaacccaac 120
cggccgaata tttgettect tatccegggt ccaagagaga ctgcgatgece cccctcaate 180
agcatcctee tccctgecge ttcaatctte cetgettgee tgegeccgeyg gtgegecgte 240
tgccegecca gtcagtcact cctgcacagg ceecttgtge gecagtgcetee tgtaccettt 300
accgetectt ccattectgeg aggcccecta ttgaatgtat tegttgectyg tgtggecaag 360
cgggetgetyg ggcgegecge cgtcegggeag tgetceggega ctttggegga agecgattgt 420
tcttetgtaa gccacgeget tgctgetttyg ggaagagaag ggggggggta ctgaatggat 480
gaggaggaga aggaggggta ttggtattat ctgagttggg tgaagagc 528
<210> SEQ ID NO 110
<211> LENGTH: 767
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: construct FATA portion of the hairpin RNA

expression cassette
<400> SEQUENCE: 110
atggcaccga ccagcectget tgccagtact ggegtcetett cegettcetet gtggtectet 60
gegegeteca gegegtgege tttteeggtg gatcatgegg tecgtggege accgcagegyg 120
cegetgecca tgcagegecg ctgcttecga acagtggegyg tcagggcecge acccegeggta 180
geegtecegte cggaacccge ccaagagttt tgggagcage ttgagecctg caagatggeg 240
gaggacaagce gcatcttcect ggaggagcac cggtgegtgg aggtcegggg ctgaccggec 300
gtegcattca acgtaatcaa tcgcatgatg atcagaggac acgaagtctt ggtggceggtg 360
gccagaaaca ctgtccattg caagggcata gggatgegtt ccttcacctce tcatttctcea 420
tttctgaate ccteectget cactctttet cetectectt ceegttcacyg cagcattcegg 480
ggcaacgagyg tgggcccegtyg ctcectceccagg aagatgeget tgtcctecge catcttgeag 540
ggctcaaget gctcccaaaa ctcettgggeg ggttceeggac ggacggetac cgegggtgeg 600
geectgaceyg ccactgtteg gaagcagegg cgctgeatgg geageggecg ctgeggtgeg 660
ccacggaccg catgatccac cggaaaagceg cacgcegetgg agegegcaga ggaccacaga 720
gaagcggaayg agacgccagt actggcaagce aggctggtceg gtgccat 767
<210> SEQ ID NO 111
<211> LENGTH: 3499
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic construct
<400> SEQUENCE: 111
getettegga gtcactgtge cactgagttce gactggtage tgaatggagt cgetgctceca 60
ctaaacgaat tgtcagcacc gccagecgge cgaggacceg agtcatageyg agggtagtag 120
cgegecatgg caccgaccag cctgcettgee agtactggeg tetcetteege ttetetgtgg 180
tectetgege getecagege gtgcgetttt ceggtggate atgeggtecyg tggegcaccyg 240
cagcggecge tgcccatgca gegcecgetge ttecgaacag tggeggtcag ggccgcacce 300
geggtageeyg tceegtecgga accegeccaa gagttttggg agcagettga gecctgcaag 360
atggcggagg acaagcgcat cttcectggag gagcaccggt gegtggaggt ccggggetga 420
ceggecgteg cattcaacgt aatcaatcge atgatgatca gaggacacga agtcttggtg 480
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gcggtggeca gaaacactgt ccattgcaag ggcataggga tgegttcoctt cacctctcat 540
ttctecattte tgaatcccte cctgctcact ctttetecte ctectteceg ttcacgcage 600
attcggggta ccctttettg cgctatgaca cttccagcaa aaggtagggce gggctgegag 660
acggcttccec ggegctgcat gcaacaccga tgatgctteg accccccgaa gctecttegg 720
ggctgcatgg gcgctcecgat gecgctccag ggcegagceget gtttaaatag ccaggecccc 780
gattgcaaag acattatagc gagctaccaa agccatattc aaacacctag atcactacca 840
cttctacaca ggccactcga gcttgtgatc gcactccget aagggggcegce cteottectcet 900
tegtttcagt cacaacccgce aaacggcgeg ccatgctget gcaggecttce ctgttectge 960

tggceggett cgccgecaag atcagegect ccatgacgaa cgagacgtcece gaccgeccce 1020
tggtgcactt cacccccaac aagggctgga tgaacgacce caacggcectyg tggtacgacg 1080
agaaggacgc caagtggcac ctgtacttcce agtacaacce gaacgacacce gtctggggga 1140
cgecettgtt ctggggecac gecacgteeg acgacctgac caactgggag gaccagecca 1200
tcgccatege ceccgaagege aacgactccg gcgecttete cggctceccatg gtggtggact 1260
acaacaacac ctccggette ttcaacgaca ccatcgacce gegecagege tgcgtggeca 1320
tctggaccta caacaccccg gagtccgagg agcagtacat ctectacage ctggacggeg 1380
gctacacctt caccgagtac cagaagaacc ccgtgctgge cgccaactcc acccagttec 1440
gcgacccgaa ggtcecttetgg tacgagecct cccagaagtyg gatcatgacce gcggccaagt 1500
cccaggacta caagatcgag atctactcct ccgacgacct gaagtcctgg aagctggagt 1560
ccgegttege caacgagggce ttecteggcet accagtacga gtgccceccgge ctgatcgagg 1620
tceccaccga gcaggaccece agcaagtcect actgggtgat gttcatctecce atcaaccccg 1680
gcgeeccgge cggcggcectcee ttcaaccagt acttegtcecgg cagcttcaac ggcacccact 1740
tcgaggectt cgacaaccag tcccgegtgg tggacttegg caaggactac tacgccctgce 1800
agaccttett caacaccgac ccgacctacg ggagcgcect gggcatcgeg tgggectcca 1860
actgggagta ctccgcctte gtgcccacca accectggeg ctecteccatg tecctegtge 1920
gcaagttcte cctcaacacc gagtaccagg ccaacccgga gacggagetg atcaacctga 1980
aggccgagece gatcctgaac atcagcaacg ceggeccctyg gagecggtte gccaccaaca 2040
ccacgttgac gaaggccaac agctacaacg tcgacctgte caacagcacce ggcaccctgg 2100
agttcgagct ggtgtacgcc gtcaacacca cccagacgat ctccaagtce gtgttegegg 2160
acctctecct ctggttcaag ggcctggagg accccgagga gtacctceccge atgggcettceg 2220
aggtgtccge gtcectectte ttectggace gcgggaacag caaggtgaag ttcgtgaagg 2280
agaaccccta cttcaccaac cgcatgageg tgaacaacca gcccttcaag agcgagaacyg 2340
acctgtecta ctacaaggtg tacggcttgce tggaccagaa catcctggag ctgtacttca 2400
acgacggcga cgtegtgtcece accaacacct acttcatgac caccgggaac gccctggget 2460
ccgtgaacat gacgacgggg gtggacaacc tgttctacat cgacaagttc caggtgcgceg 2520
aggtcaagtg acaattggca gcagcagctc ggatagtatc gacacactct ggacgctggt 2580
cgtgtgatgg actgttgccg ccacacttge tgccttgacce tgtgaatatc cctgcecgett 2640
ttatcaaaca gcctcagtgt gtttgatctt gtgtgtacge gecttttgcga gttgctaget 2700
gcttgtgeta tttgcgaata ccacccccag catccectte cctegtttca tatcgettge 2760
atcccaaccg caacttatcect acgctgtcecct gctatcecte agcecgectgcte ctgctectge 2820

tcactgccce tecgcacagec ttggtttggg ctecgectgt attctectgg tactgcaacce 2880
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tgtaaaccag cactgcaatg ctgatgcacg ggaagtagtg ggatgggaac acaaatggag 2940
gatcgtagag ctcactagta tcgatttcga agacagggtg gttggctgga tggggaaacy 3000
ctggtcgegg gattcgatcecce tgctgcttat atcctcecectg gaagcacacce cacgactctg 3060
aagaagaaaa cgtgcacaca cacaacccaa ccggccgaat atttgecttee ttatccecggg 3120
tccaagagag actgcgatge ccccctcaat cagcatccte ctceccectgceeg cttcaatcett 3180
ccetgettge ctgcgecege ggtgcecgecgt ctgecccgece agtcagtcac tectgcacag 3240
gcceecttgtyg cgcagtgcte ctgtaccctt taccgectcecet tecattcectge gaggcccect 3300
attgaatgta ttcgttgcct gtgtggccaa gcgggctgcet gggcgcgceg ccegtcegggca 3360
gtgctcggeg actttggcgg aagccgattg ttcecttetgta ageccacgegce ttgetgettt 3420

gggaagagaa gggggggggt actgaatgga tgaggaggag aaggaggggt attggtatta 3480

tctgagttgg gtgaagagce 3499

<210> SEQ ID NO 112

<211> LENGTH: 6514

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 112

getettegga gtcactgtge cactgagtte gactggtage tgaatggagt cgetgetcca 60
ctaaacgaat tgtcagcacc gecagecgge cgaggacceg agtcatageg agggtagtag 120
cgegecatgg caccgaccag cctgettgee agtactggeg tetetteege ttetetgtgg 180
tcctetgege getccagege gtgegetttt ceggtggate atgeggtecg tggegcacceg 240
cagceggeoge tgcccatgea gegecgetge ttecgaacag tggeggteag ggecgcacece 300
geggtageeg tcegtceegga accegeccaa gagttttggg agcagettga geectgeaag 360

atggcggagyg acaagcgcat cttectggag gagcaceggt gegtggaggt ceggggetga 420

ceggeegteg cattcaacgt aatcaatege atgatgatca gaggacacga agtcettggtg 480
geggtggeca gaaacactgt ccattgcaag ggcataggga tgegttectt cacctcetcat 540
ttctcattte tgaatcccte cctgetcact ctttetecte ctectteecg ttcacgcage 600
attcggggta ccctttettg cgctatgaca cttecagcaa aaggtaggge gggctgegag 660
acggcttece ggegetgeat geaacaccga tgatgetteg accececgaa getcecttegg 720
ggctgecatgg gegctcegat gecgetccag ggcgageget gtttaaatag ccaggeccec 780
gattgcaaag acattatagc gagctaccaa agccatattc aaacacctag atcactacca 840
cttctacaca ggccactega gettgtgate geactceget aagggggege ctettectet 900
tcgtttcagt cacaacccge aaacggegeg ccatgetget geaggectte ctgttectge 960

tggceggett cgccgecaag atcagegect ccatgacgaa cgagacgtcee gaccgecccce 1020

tggtgcactt cacccccaac aagggctgga tgaacgacce caacggectyg tggtacgacg 1080

agaaggacgc caagtggcac ctgtacttce agtacaaccce gaacgacace gtcetggggga 1140

cgececttgtt ctggggecac gecacgteceg acgacctgac caactgggag gaccagcecca 1200

tcgccatege ceccgaagege aacgactccg gcgecttete cggctceccatg gtggtggact 1260

acaacaacac ctccggette ttcaacgaca ccatcgacce gegecagege tgegtggeca 1320

tctggaccta caacaccceg gagtccgagg agcagtacat ctectacage ctggacggeg 1380
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gctacacctt caccgagtac cagaagaacc ccgtgctgge cgccaactcc acccagttec 1440
gcgacccgaa ggtcecttetgg tacgagecct cccagaagtyg gatcatgacce gcggccaagt 1500
cccaggacta caagatcgag atctactcct ccgacgacct gaagtcctgg aagctggagt 1560
ccgegttege caacgagggce ttecteggcet accagtacga gtgccceccgge ctgatcgagg 1620
tceccaccga gcaggaccece agcaagtcect actgggtgat gttcatctecce atcaaccccg 1680
gcgeeccgge cggcggcectcee ttcaaccagt acttegtcecgg cagcttcaac ggcacccact 1740
tcgaggectt cgacaaccag tcccgegtgg tggacttegg caaggactac tacgccctgce 1800
agaccttett caacaccgac ccgacctacg ggagcgcect gggcatcgeg tgggectcca 1860
actgggagta ctccgcctte gtgcccacca accectggeg ctecteccatg tecctegtge 1920
gcaagttcte cctcaacacc gagtaccagg ccaacccgga gacggagetg atcaacctga 1980
aggccgagece gatcctgaac atcagcaacg ceggeccctyg gagecggtte gccaccaaca 2040
ccacgttgac gaaggccaac agctacaacg tcgacctgte caacagcacce ggcaccctgg 2100
agttcgagct ggtgtacgcc gtcaacacca cccagacgat ctccaagtce gtgttegegg 2160
acctctecct ctggttcaag ggcctggagg accccgagga gtacctceccge atgggcettceg 2220
aggtgtccge gtcectectte ttectggace gcgggaacag caaggtgaag ttcgtgaagg 2280
agaaccccta cttcaccaac cgcatgageg tgaacaacca gcccttcaag agcgagaacyg 2340
acctgtecta ctacaaggtg tacggcttgce tggaccagaa catcctggag ctgtacttca 2400
acgacggcga cgtegtgtcece accaacacct acttcatgac caccgggaac gccctggget 2460
ccgtgaacat gacgacgggg gtggacaacc tgttctacat cgacaagttc caggtgcgceg 2520
aggtcaagtg acaattggca gcagcagctc ggatagtatc gacacactct ggacgctggt 2580
cgtgtgatgg actgttgccg ccacacttge tgccttgacce tgtgaatatc cctgcecgett 2640
ttatcaaaca gcctcagtgt gtttgatctt gtgtgtacge gecttttgcga gttgctaget 2700
gcttgtgeta tttgcgaata ccacccccag catccectte cctegtttca tatcgettge 2760
atcccaaccg caacttatcect acgctgtcecct gctatcecte agcecgectgcte ctgctectge 2820
tcactgccce tecgcacagec ttggtttggg ctecgectgt attctectgg tactgcaacce 2880
tgtaaaccag cactgcaatg ctgatgcacg ggaagtagtg ggatgggaac acaaatggag 2940
gatcccegegt ctecgaacaga gcgegcagag gaacgctgaa ggtctegect ctgtegcacce 3000
tcagcgegge atacaccaca ataaccacct gacgaatgeg cttggttctt cgtccattag 3060
cgaagcgtcce ggttcacaca cgtgccacgt tggcgaggtg gcaggtgaca atgatcggtg 3120
gagctgatgg tcgaaacgtt cacagcctag ggatatcgaa ttcggccgac aggacgcegcyg 3180
tcaaaggtgc tggtcgtgta tgccctggce ggcaggtegt tgctgectget ggttagtgat 3240
tcegcaacce tgattttgge gtettatttt ggegtggcaa acgctggcge ccgcgagecg 3300
ggeeggegyge gatgeggtge cccacggetg ccggaatcca agggaggcaa gagegceccgyg 3360
gtcagttgaa gggctttacg cgcaaggtac agccgctcecet gcaaggctgce gtggtggaat 3420
tggacgtgca ggtcctgetyg aagttcectcee accgectcac cagcggacaa agcaccggtg 3480
tatcaggtcc gtgtcatcca ctctaaagag ctcgactacg acctactgat ggccctagat 3540
tcttcatcaa aaacgcctga gacacttgce caggattgaa actccctgaa gggaccacca 3600
ggggccctga gttgttectt ccececcegtgg cgagctgcca gcecaggctgt acctgtgatce 3660
gaggctggceg ggaaaatagg cttegtgtge tcaggtcatg ggaggtgcag gacagctcat 3720
gaaacgccaa caatcgcaca attcatgtca agctaatcag ctatttcecctce ttcacgaget 3780
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gtaattgtcc caaaattctg gtctaccggg ggtgatcctt cgtgtacggg cccttcecte 3840
aaccctaggt atgcgegcat geggtegecg cgcaactege gegagggecyg agggtttggg 3900
acgggccegte ccgaaatgca gttgcacccg gatgegtgge accttttttg cgataattta 3960
tgcaatggac tgctctgcaa aattctggct ctgtcgccaa cecctaggatce agcggcegtag 4020
gatttcgtaa tcattcgtce tgatggggag ctaccgacta ccctaatatc agcccgactg 4080
cctgacgcca gecgtceccactt ttgtgcacac attccatteg tgcccaagac atttcattgt 4140
ggtgcgaagce gtccccagtt acgctcacct gtttcccgac ctecttactg ttetgtegac 4200
agagcgggece cacaggecgg tcgcagecac tagtatggtg gtggecgecyg ccgecagcag 4260
cgecttette ccegtgeccg ccececccegece cacccccaag ccecggcaagt tceggcaactg 4320
geecagcage ctgagccage ccttcaagcece caagagcaac cccaacggec gettccaggt 4380
gaaggccaac gtgagccccee acgggegege ccccaaggec aacggcageg cegtgagect 4440
gaagtcegge agectgaaca ccoctggagga cccccecage ageccceceee cecgeacctt 4500
cctgaaccag ctgcccgact ggagccgect gegcaccgece atcaccaccyg tgttegtgge 4560
cgecgagaag cagttcacce gectggacceg caagagcaag cgcecccgaca tgctggtgga 4620
ctggttegge agcgagacca tcegtgcagga cggcectggtg ttceccgcgage gettcageat 4680
cegecagetac gagatcggeg ccgaccgceac cgecagcate gagaccctga tgaaccacct 4740
gcaggacacce agcctgaacce actgcaagag cgtgggectg ctgaacgacg getteggecg 4800
cacccecgag atgtgcacce gcegacctgat ctgggtgetg accaagatgce agatcgtggt 4860
gaaccgctac cccacctggg gcgacaccgt ggagatcaac agetggttca gecagagegyg 4920
caagatcgge atgggecgceg agtggetgat cagcgactge aacaccggeyg agatcctggt 4980
gegegecace agegectggg ccatgatgaa ccagaagacce cgccgcettca gcaagcetgece 5040
ctgcgaggtyg cgccaggaga tcgcccecca cttegtggac geccccceceyg tgatcgagga 5100
caacgaccgce aagctgcaca agttcgacgt gaagaccgge gacagcatct gcaagggcect 5160
gaccccegge tggaacgact tcgacgtgaa ccagcacgtg agcaacgtga agtacatcgg 5220
ctggattectg gagagcatgce ccaccgaggt gctggagacc caggagctgt gcagcectgac 5280
cctggagtac cgccgegagt geggcecgega gagegtggtyg gagagcegtga ccagcatgaa 5340
cceccagcaag gtgggegacce gcagccagta ccagcacctyg ctgegectgyg aggacggcege 5400
cgacatcatg aagggccgca ccgagtggeg ceccaagaac gcecggcacca accgcegecat 5460
cagcacctga ttaattaact cgaggcagca gcagctcgga tagtatcgac acactctgga 5520
cgctggtegt gtgatggact gttgccgcca cacttgetge cttgacctgt gaatatccect 5580
gccgetttta tcaaacagce tcagtgtgtt tgatcttgtg tgtacgcget tttgcgagtt 5640
gctagctget tgtgctattt gcgaatacca cccccagcat ccccttecect cgtttcatat 5700
cgcttgcatce ccaaccgcaa cttatctacg ctgtcecctget atccectcage getgcetectg 5760
ctecctgcetca ctgcecccteg cacagecttg gtttgggete cgectgtatt ctectggtac 5820
tgcaacctgt aaaccagcac tgcaatgctg atgcacggga agtagtggga tgggaacaca 5880
aatggaaagc ttgagctctt gttttceccaga aggagttgct ccttgagcct ttcattctca 5940
gcctegataa cctccaaage cgctctaatt gtggaggggg ttcgaagaca gggtggttgg 6000
ctggatgggg aaacgctggt cgcgggattc gatcctgetg cttatatcct ccectggaagce 6060
acacccacga ctctgaagaa gaaaacgtgce acacacacaa cccaaccggce cgaatatttg 6120



267

US 9,066,527 B2

-continued

268

cttecttatce

tgccgettea

gtcactccety

tctgegagge

cgecegeegte

cgegettget

ggggtattgg

ccgggtecaa
atctteectyg
cacaggcccec
ccectattga
gggcagtgcet
getttgggaa

tattatctga

<210> SEQ ID NO 113
<211> LENGTH: 5546

<212> TYPE:

DNA

gagagactge
cttgectgeg
ttgtgcgeag
atgtattegt
cggegacttt
gagaaggggg

gttgggtgaa

gatgceccece tcaatcagca tectectece

ccegeggtyge

tgctcctgta

tgcctgtgty

ggcggaagcc

ggggtactga

gagce

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 113

getettegee

cecttttegee

tgcgeegget

ggtccagggt

gcaccgagge

ggaagacagg

atccctacca

cgectgeegec

gcacgetgge

ccececttgeg

ccacccecea

ccteggectyg

ggtacccttt

tceceggeget

atgggegete

aaagacatta

cacaggccac

cagtcacaac

geeggetteg

gtgcacttca

aaggacgcca

ccettgttet

gecategece

aacaacacct

tggacctaca

tacaccttca

gacccgaagg

caggactaca

gecegecacte
gegetegtge
gagccactge
cctgacgtygyg
cgectecaac
tgaggggggt
gtcatggett
gettetecey
getgegette
cgttagtgtt
caccacctee
cagagaggac
cttgegetat
gcatgcaaca
cgatgeeget
tagcgageta
tcgagettgt
ccgcaaacte
ccgecaagat
cccccaacaa

agtggcacct

ggggccacgc

cgaagcgcaa

ceggettett

acaccccgga

ccgagtacca

tcttetggta

agatcgagat

ctgctegage

gegtegetga

ttcegteegygy

tegeggetet

tggtccteca

atgaattgta

tacctggatg

cacgcttett

gecgatctga

gccatecttt

tcccagacca

agcagtgecc

gacacttcca

ccgatgatge

ccagggcgag

ccaaagccat

gatcgcactce

tagaatatca

cagecgectea

gggctggatg

gtacttccag

cacgteccgac

cgactecegge

caacgacacc

gtccgaggag

gaagaaccce

cgagcectec

ctactcectcec

gegecegege

tgtccatcac

cggccaagag

dggagegggce

gcagcegeag

cagaacaacc

acggectgeg

tccagcaceyg

ggacagtcgg

gcagaccggt

attctgtcac

agccgctggg

gcaaaaggta

ttcgacceee

cgctgtttaa

attcaaacac

cgctaagggg

atgctgetge

atgacgaacg

aacgacccca

tacaacccga

gacctgacca

gecttetecy

atcgaccege

cagtacatct

gtgctggeeg

cagaagtgga

gacgacctga

geegtetgee

ccctttacey

gccaagcggyg

gattgttett

atggatgagg

synthetic construct

gtgegecgece

caggtccatg

gagcatgagg

cagcatcatce

tcgecgecga

acgagecttyg

aacagctgte

tgatggcgcg

ggaactctga

gagagccgac

ctttttggeg

ggttggcgga

gggcgggetg

cgaagcetect

atagccagge

ctagatcact

gegectette

aggccttect

agacgtccga

acggccetgtyg

acgacaccgt

actgggagga

gctecatggt

gecagegetyg

cctacagect

ccaactccac

tcatgaccge

agtcctggaa

cgcccagtea

ctccttecat

ctgctgggcg

ctgtaagceca

aggagaagga

agcgecettygyg

aggtctgect

gaggactcct

tggctetgee

ccctggcaga

tctaggcaga

cagcgacect

agccagcgece

tcagtctaaa

ttgttgtgeg

aaggcatcgg

tgcacgctca

cgagacgget

thgggCth

ccecegattge

accacttcta

ctettegttt

gttectgetyg

cecgeceecty

gtacgacgag

ctgggggacyg
ccagcecate

ggtggactac

cgtggecatce

dgacggeggce

ccagtteege

ggccaagtcee

getggagtece

6180

6240

6300

6360

6420

6480

6514

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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gcgttegeca acgagggctt ccteggctac cagtacgagt gecccggect gatcgaggte 1740
cccaccgagce aggaccccag caagtcectac tgggtgatgt tcatctccat caaccccggce 1800
gcceeggeceg geggctectt caaccagtac ttcecgteggca gettcaacgg cacccactte 1860
gaggcctteg acaaccagtce ccgegtggtg gacttcggca aggactacta cgccctgcag 1920
accttetteca acaccgacce gacctacggg agegecctgg gcategegtyg ggcectccaac 1980
tgggagtact ccgccttegt geccaccaac ccectggeget cctcecatgte cetegtgege 2040
aagttctccee tcaacaccga gtaccaggece aacccggaga cggagctgat caacctgaag 2100
geecgagecga tectgaacat cagcaacgcece ggeccctgga gecggttege caccaacacce 2160
acgttgacga aggccaacag ctacaacgtc gacctgtcca acagcaccgyg caccctggag 2220
ttcgagetgg tgtacgcegt caacaccacce cagacgatct ccaagtccgt gttecgceggac 2280
ctcteectet ggttcaaggg cctggaggac cccgaggagt acctceccecgcat gggcttcecgag 2340
gtgtccgegt cctecttett cctggaccge gggaacagca aggtgaagtt cgtgaaggag 2400
aacccctact tcaccaaccg catgagegtg aacaaccage ccttcaagag cgagaacgac 2460
ctgtcctact acaaggtgta cggcttgctg gaccagaaca tcctggaget gtacttcaac 2520
gacggcgacyg tcegtgtccac caacacctac ttcatgacca ccgggaacgce cctgggetec 2580
gtgaacatga cgacgggggt ggacaacctg ttctacatcg acaagttcca ggtgcgcgag 2640
gtcaagtgac aattggcagc agcagctcgg atagtatcga cacactctgg acgctggteg 2700
tgtgatggac tgttgccgec acacttgctg ccttgacctg tgaatatcce tgccgetttt 2760
atcaaacagc ctcagtgtgt ttgatcttgt gtgtacgcege ttttgcgagt tgctagctgce 2820
ttgtgctatt tgcgaatacc acccccagca tccecttece tegtttcata tegettgeat 2880
cccaaccgca acttatctac getgtcectge tatccctcecag cgctgcectect getectgete 2940
actgccecte gecacagcectt ggtttgggct ccgectgtat tectcectggta ctgcaacctg 3000
taaaccagca ctgcaatgct gatgcacggg aagtagtggg atgggaacac aaatggagga 3060
tceegegtet cgaacagagce gcegcagagga acgctgaagg tcectcegectet gtegcaccte 3120
agcgcggcat acaccacaat aaccacctga cgaatgcget tggttcectteg tecattageg 3180
aagcgtecgg ttcacacacg tgccacgttg gcgaggtggce aggtgacaat gatcggtgga 3240
gctgatggte gaaacgttca cagcctaggg atatcgaatt cctttcettgce gctatgacac 3300
ttccagcaaa aggtagggcg ggctgcgaga cggcetteeeyg gegetgcatyg caacaccgat 3360
gatgcttega ccccccgaag ctectteggg gectgcatggg cgctcecgatg ccgcectcecagyg 3420
gcgagcgetyg tttaaatage caggcccccg attgcaaaga cattatagceg agctaccaaa 3480
gccatattca aacacctaga tcactaccac ttctacacag gccactcgag cttgtgatcg 3540
cactccgecta agggggcgec tettectcett cgtttcagtce acaacccgca aacactagta 3600
tggcaccgac cagcctgcett gecagtactg gcecgtcectette cgcettectcetg tggtectetg 3660
cgecgcetecag cgcecgtgceget ttteceggtgg atcatgeggt cecgtggcgca ccegcagceggce 3720
cgetgeccat gcagegecge tgcttecgaa cagtggeggt cagggecgea cccgeggtag 3780
ccgteecgtee ggaacccgece caagagtttt gggagcaget tgagccecctge aagatggegg 3840
aggacaagcg catcttectg gaggagcacce ggtgegtgga ggtecgggge tgaccggecyg 3900
tcgcattcaa cgtaatcaat cgcatgatga tcagaggaca cgaagtcttg gtggcecggtgg 3960
ccagaaacac tgtccattgc aagggcatag ggatgcgttc cttcacctcet catttctcat 4020
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ttctgaatce ctcectgete actcetttcete ctectectte cegttcacge agcatteggg 4080
gcaacgaggt gggcccgtge tcectceccagga agatgegctt gtectcecgece atcttgcagyg 4140
gctcaagetyg cteccaaaac tcecttgggegg gttceccggacyg gacggctace gcgggtgegyg 4200
cectgacege cactgttegg aagcagegge getgcatggyg cageggecge tgcggtgege 4260
cacggaccge atgatccacce ggaaaagcegce acgegctgga gegegcagag gaccacagag 4320
aagcggaaga gacgccagta ctggcaagca ggctggtegg tgccatatcg atagatctcet 4380
taaggcagca gcagctcgga tagtatcgac acactctgga cgctggtcgt gtgatggact 4440
gttgccgeca cacttgectge cttgacctgt gaatatccet gecgetttta tcaaacagece 4500
tcagtgtgtt tgatcttgtg tgtacgcgct tttgcgagtt gctagectget tgtgctattt 4560
gcgaatacca cccccagcat ccecttecct cgtttcatat cgcttgcatce ccaaccgcaa 4620
cttatctacg ctgtcctget atccctcage gctgctectg ctectgcectceca ctgececteg 4680
cacagccttg gtttgggete cgecctgtatt ctectggtac tgcaacctgt aaaccagcac 4740
tgcaatgctg atgcacggga agtagtggga tgggaacaca aatggaaagc ttaattaaga 4800
gctettgttt tceccagaagga gttgctectt gagcectttceca ttectcagect cgataacctce 4860
caaagccgcet ctaattgtgg agggggttcg aatttaaaag cttggaatgt tggttcegtgce 4920
gtctggaaca agcccagact tgttgctcac tgggaaaagg accatcagct ccaaaaaact 4980
tgccgctcaa accgcgtacce tetgetttceg cgcaatctge cctgttgaaa tcegceccaccac 5040
attcatattg tgacgcttga gcagtctgta attgcctcag aatgtggaat catctgcccce 5100
ctgtgegage ccatgecagg catgtegegg gegaggacac ccgecactceyg tacagcagac 5160
cattatgcta cctcacaata gttcataaca gtgaccatat ttctcgaagce tccccaacga 5220
gcacctcecat gcectectgagtg gccaccceccece ggccetggtyg cttgcggagg gcaggtcaac 5280
cggcatgggg ctaccgaaat ccccgaccgg atcccaccac cceecgcegatyg ggaagaatct 5340
ctececggga tgtgggecca ccaccagcac aacctgetgg cccaggcgag cgtcaaacca 5400
taccacacaa atatccttgg catcggccct gaattcctte tgccgetctg ctacceggtg 5460
cttctgteeg aagcaggggt tgctagggat cgctccgagt ccgcaaacce ttgtcegegtg 5520
gcggggcttyg ttcgagettg aagagce 5546
45

What is claimed is:

1. A product comprising microbial oil, wherein the oil has
a pour point of less than about —-5° C., and wherein the fatty
acid composition of the microbial oil is at least 50 area %
C18:1 fatty acids and less than 2 area % C18:2 fatty acids, as
determined by fatty acid methyl ester gas chromatography
flame ionization detection methods.

2. The product of claim 1, wherein the product has a pour
point of between about —10° C. and about -40° C.

3. The product of claim 1, wherein the product has a flash
point of 300° C. or higher.

4. The product of claim 1, further comprising a pour point
depressant.

5. The product of claim 1, wherein the product is a lubri-
cant, a hydraulic fluid, an industrial oil, or a dielectric fluid.

6. The product of claim 5, wherein the product is a dielec-
tric fluid.

7. The product of claim 6, wherein the dielectric fluid has a
breakdown voltage of 20kV to 75 kV.

8. The product of claim 6, wherein the dielectric fluid has a
dielectric strength of 20 MV/m (RMS) to 7SMV/m (RMS).
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9. The product of claim 6, wherein the dielectric fluid
further comprises an antioxidant, a metal ion deactivator, a
corrosion inhibitor, a demulsifier, an anti-wear additive, a
pour point depressant, or an anti-hydrolysis compound.

10. The product of claim 1, wherein the microbial oil is
produced by a genetically engineered microbe engineered to
express one or more exogenous genes.

11. The product of claim 10, wherein the genetically engi-
neered microbe is Prototheca or Chlorella.

12. The product of claim 11, wherein the genetically engi-
neered microbe is Prototheca moriformis.

13. The product of claims 10, wherein the one or more
exogenous genes encode(s) sucrose invertase or fatty acyl-
ACP thioesterase.

14. The product of claim 13, wherein the one or more
exogenous genes encode(s) two or more fatty acyl-ACP
thioesterases.

15. The product of claim 13, wherein the one or more
exogenous genes encode(s) sucrose invertase and one or more
fatty acyl-ACP thioesterases.

16. A dielectric fluid comprising microbial oil produced by
a genetically engineered microbe, wherein the dielectric fluid
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has a pour point of about —10° C. or lower, and wherein the
fatty acid composition of the microbial oil is at least 50 area
% C18:1 fatty acids and less than 2 area % C18:2 fatty acids,
as determined by fatty acid methyl ester gas chromatography
flame ionization detection methods.

17. An electrical component comprising the dielectric fluid
of claim 16.

18. The electrical component of claim 17 that is a trans-
former.

19. The product of claim 1, wherein the oil has a pour point
of -10° C. or lower.

20. The product of claim 1, wherein the oil has a pour point
of -20° C. or lower.

21. The dielectric fluid of claim 16, wherein the dielectric
fluid has a pour point of —=20° C. or lower.
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